roduct Engineering 





Shell Molding + Radioisotope Applications 
Potentiometer Characteristics 

1 CTO , 3 R 1 9 5 i Trends in Plastics + Hydraulic Accumulator Circuits 
TONY a RUA 
PET ARM UM Hy 
Locking Threaded Fasteners 


y JIBKA HIES 


” MICHILAJ 


f 
~ 


pms DCITYV f) 





| A McGRAW-HILL PUBLICATION 


facts#a Stainless Steel 
for manufacturers concerned about 


critical materials 


Government controls are pinching the raw material < 
of many metal fabricators. However, many of these 
AUTOMOTIVE facturers who are familiar with Sharon “430” stainle: 
alae eee : aaa ; —" steel have been able to quickly adapt it to their need 
i It is the best available material for many of today 
needs. * Sharon “430” is in good supply and available 
with few restrictions as to end use. It is a straigh 
chromium stainless steel with hundreds of success! 
applications. A new booklet with instructions or 
how to fabricate Sharon “430” stainless is avo 
able. Get your copy by writing department 7/05: 
Sharon Steel Corporation, Sharon, Pa. 
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Count on TWO-WAY UNIFORMITY with 
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MALLORY 
PLASTIC CASE 
AC MOTOR CAPACITORS 








À When you use Mallory AC Motor Capacitors, vou can be sure 
i each capacitor will retain its prescribed characteristics through- 







You can also count on Mallory out a long service-life ... and that the characteristics of every 
for Motor Running Capacitors capacitor you use are consistent. 
RS U oE O war Ss vee That’s two-way uniformity—your assurance of better perform- 


Capacitors 


ance for your equipment 
1 hey are impregnated with Mallatrol A—a 


syothetic. non-inflanmable oil which permits 











compact size \nd you get this uniformity because Mallory capacitors are 
2 ee made with extreme care in an air-conditioned factory by operators 










wearing sterilized gloves. Such precautions eliminate danger of 
capacitor contamination and variation in their operating 
characteristics, 


You'll find Mallory AC Motor Capacitors also offer you superior 
protection against humidity ... better heat dissipation . . . out- 








3 Ihe» come with or without mounting hard 


wena: The distant ta oles standing performance at high temperatures .. . easy, fast mount- 
4 rae ae een all popular capacitance ing either on or off the motor. 
















« Mallory Motor Kunning Capacitors and get 


iong. dependable arrviss \nd you get all these advantages AT NO EXTRA COST. For 
complete details on AC Motor Capacitors—and other types, 
too—call or write Mallory today. 

















Metallurgical Products—Contacts * Special Metals * Welding Materials 


PR. MALLORY & CO. Inc SERVING INDUSTRY WITH 
Electromechanical Products—Resistors * Switches ¢ TV Tuners * Vibrators 
A L L O et Electrochemical Products— Capacitors + Rectifiers e Mercury Dry Batteries 
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For information on Titanum Dovclopments contect Mellory-Sharon Titanium Corp., Niles, Ohio. 
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When requesting further information from companies and organi. aà 


tions mentioned in the items below, confusion can be avoided | 


refering to the issue of Product Engineering in which items appear 


ichlichts 


NONMETALLIC MATERIALS 


PATTERNED PERFORATIONS feature a line of 

different colored sheet materials that are com- 

so a i parable to laminated plastics or 
j, A A 


vulcanized fiber. Fiberok, made 
4 ~ ||- by Pearson Industries, Chicago 
ú ij *..- 40, D1., is easily cut and fastened 
EA to form decorative parts on elec- 
ha r 
Vi cL trical products such as radios. 
GOLD-COLORED silicone base paint with high 
heat resistance is announced by Speco, Inc., 
Cleveland 9, Ohio. Heat-Rem XG-170 Gold is 
made of copper flakes ina silicone base and will 
withstand temperatures to 1,700 F. Because of 
the copper, the paint is said to prevent rust and 
resist corrosion from mild acids, alkalies and 
industrial fumes. Uponheating, it fuses with the 
base metal, forming a solid copper coating that 
contracts and expands with temperature. 


AIRPLANES OF THE FUTURE could have 
"glass" wings, ailerons, stabilizers and fuse- 
lages, says one spokesman for 
Northrop Aircraft, andthese sur- 
faces might be attached to titanium 


structural members with "glass" 

Te rivets. The "glass" is, of course, 
ka \ P reinforced plastics -- glass fiber 
andoneor more of the many resins, such as the 
polyesters, phenolics, epoxys, silicones and 
melamines. These may answer the problem: How 
to conquer the "heat barrier" toultrasonic flight? 


EFFECTIVE LABORATORY USE of ceramic 
coatings to prevent rapid oxidation of molybde- 
num and the absorption of carbon by stainless 
steels was recently announced by the National 
Bureau of Standards. Various chromium and 
glass (frit) coatings were bonded to specimens 
of molybdenum, then submitted to oxidation tests 
under tension at 1,500 to 1,800 F and to flame 
tests in the region from 2,000 to 3,000 F. In 
the lower temperature range, specimens stood 
up under load for 1,000 to 3,000 hr. At 2,800 
F, with no applied load, it was possible to 
achieve protection for as long as seven hours. 
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CORK-BASE GASKET MATERIAL withstands 
flange loads up to 100,000 psi without damage, 
according to Armstrong Cork Co. of Lancaster, 
Pa. In lightweight constructions, Accopac con- 
forms to normal irregularities without distorting 
flanges between bolts. On rough, heavy flange 
surfaces, it fills ordinary imperfections to pro- 
vide a tight, dependable seal. Cork is coated 
with rubber to insure dimensional stability. 


A SYNTHETIC FIBER that withstands tempera- 
tures to 2,300 F is a recent development of the 
Carborundum Co., Niagara Falls, N. Y. Made 
from aluminum oxide and silica that is fused and 
then converted toa fluffy white mass bya stream 
of air, Fiberfrax can be processed and combined 
with various materials to form insulation, filter 
paper, wicking and other useful products. 


TEFLON-GLASS CLOTH laminated with copper 
foil on one or both sides has been designed for 
printed circuit use by the United States Gasket 
Co. of Camden, N.J. Electrical and mechanical 
properties remain constant from -65 to +200 F. 
The material withstands mechanical and thermal 
shock, will not carbonize and is non-flammable. 


METALLIC MATERIALS 


PLATED RHODIUM has been the subject of ex- 
tensive studies at Bendix Aviation Corp. The 
hard platinum colored metal is highly corrosion 
resistant, melts at about 3,600 F and has fair 
electrical conductivity. Combinations of these 
properties suggest uses in jet and rocket pro- 
pulsion, instruments and electrical contacts. 


GOOD FLUIDITY AND WETTING PROPERTIES 
mark Westinghouse's Phos-Silver alloy as prom- 


¿j p) ising for use in brazing copper, 
AK r brass and bronze. On heavy sec- 
NA $ tions that absorba lot of heat, its 
Mta We R low brazing temperature (1,225 to 
E Ce ii 1,275 F) reduces brazing time. 

i On fine work or low melting brass, 
where there is danger of over-heating, it pro- 
vides an extra margin of safety. 


Jaico 


continued on page 7 
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| Want Quick Action ? 


«LET US FIGURE 
YOUR MOULDED 
| THERMOSETTING JOB 


; Those are our two specialties. T hermo- 
i 











setting mouldings of all kinds—includ- 
ing Teflon and glass-filled polyesters. 
Action— fast action—on engineering, 


é design, mould-making, moulding and 
# finishing. Any or all of ’em! 
? 


Your plastics moulder can only offer 
you two things—-equipment and the 
ability to use it. Weve been building, 

l adding to, and modernizing our store of 
both for over 35 years now. And we're 
ready for your job right now. Write or 
phone our main office or your closest 
branch office. 


Kurz-Kasch, Incorporated * 1427 South Broadway * Dayton 1, Ohio 
BRANCH SALES OFFICES: New York, Lexington 2-6677 * Rochester, Hillside 4352 * Chicago, Harrison 7-5473 * Detroit, 
Trinity 3-7050 * Philadelphia, Hilltop 6-6472 * Dallas, Logan 1970 * Los Angeles, Richmond 7-5384 * St. Louis, 
Delmar 9577 * Toronto, Riverdale 3511 * EXPORT OFFICE: 89 Broad Street, New York City, Bowling Green 9-775). 





S PLANNERS AND MOULD 
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HIGH-PURITY MERCURY is now processed: and 
marketed specifically for usein instruments. An 
unbreakable 5-lb polyethylene bottle with flexible 
dispensing tip delivers the mercury directly to 
the instrument from a dustproof chamber. Beth- 
lehem Apparatus Co. of Hellertown, Pa. recom- 
mends its use in manometers, thermometers, 
cathode cells, meters and gages of all types. 


A SUBSTITUTE for cobalt- and columbium-bear- 
ing alloys is Haynes Stellite Co's Hastelloy X. 
Composed of 22.0 percent Cr, 45.0 
AC 5 percent Ni, 9.0 percent Mo, 0.15 
Sis (max) percent C, plus Fe, new 
E Soy has good heat and oxidation 
<i resistance, is superior to Multi- 

met in formability. 


DEVELOPED ESPECIALLY for applications that 
call for anodic finishes, Alcoa's new C57S non- 
heat treatable aluminum alloy contains 1.0 per- 
cent magnesium and 0.3 percent manganese. With 
mechanical properties intermediate between 
those of 2S and B50S, material may replace 52S 
in some instances, thus eliminating the yellowish 
tinge characteristic of the latter alloy. ` 


COMPONENTS 


"HOT SANDWICHES" of aluminum, copper, 

silver and plastic built into aircraft are solving 

é gp A icing problems on 650-mph jet 

planes, according to Lockheed 

researchers. "Hot" because they 

are electrically heated, these 

h sandwiches are new de-icing 

boots designed for use on wing 

and tail leading edges in place of rubber anti-ice 

equipment. Advantages are aerodynamically 

clean construction, quick response to heating 
current, uniform surface heat distribution. 


VERY-HIGH-FREQUENCY TRANSISTORS have 
been developed by Radio Corporation of America. 
Frequencies as high as 225 megacycles are re- 
ported, givingpromise of applications in televi- 
sion, FM radio and point-to-point radio com- 
munication. Spacing of contact points and re- 
sistivity of the crystal determine response. 


A BRAKE DRUM made of welded steel and copper 
is said to last seven times as long as convention- 
al cast-iron types. Copperweld Steel Co., Glass- 
port, Pa., claims the combined metals quickly 
dissipate friction heat that burns surfaces of or- 
dinary cast iron drums and linings. The drum 
is being introduced on heavy trucks and buses. 
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WORD FROM GERMANY is that aluminum can 
be substituted for the copper windings of medi- 
um and large size transformers with only a 
slight increase in the amount of steel required. 
New winding system has greater resistance to 
short circuiting, is less susceptible to damage 
and has better heat dissipation. Ona 20 mva 110 
kv series transformer, 1,970 kg of aluminum 
were substituted for 5,100 kg of copper. This 
resulted in an increase of steel from 14,000 to 
16,000 kilograms. 


PLUG-IN THERMOSTATS with time controls are 
a recent development at Connecto-Stat, West 
Hempstead, N.Y. Air-conditioning units or por- 
table electric heaters canbe plugged into the re- 
lay unit, which will maintain an even temperature 
by starting or stopping the appliance. 


CONSTANT LEVEL DEVICE designed at the 

Bureau of Standards for liquids has a vertical 

tube with inlet and outlet connections near the 

top. Just below the outlet, this tube is sealed 

off except fora small open tube that extends be- 

low this point, connecting the up- 

per and lower sections of the 

. larger tube. An open cup of 

mercury is supported below the 

small tube by a float which rises 

and falls with the liquid. When the 

liquid level rises, float raises the mercury cup 

to seal off the lower end of the small connecting 

tube; when the level drops, float and mercury 
cup descend, allowing liquid to pass. 


PROCESSES 


IN AN EFFORT to capitalize on molybdenum's 
4,750-F melting point and high thermal conduc- 
tivity (seven times that of austenitic stainless), 
Curtiss-Wright is studying methods of welding 
the various alloys. Results so far show fabri- 
cation is successful using helium-shielded tung- 
sten electrodes. If stresses are not excessive, 
these alloys can be used at 3,000 Fahrenheit. 


WEIGHT REDUCTIONS that mean a 150-mile in- 

crease in operating range are the result of using 

titanium in airframe parts. North 

American Aviation is substituting 

, commercially pure RC-70 and 

| RC-130A alloy for stainless in aft 

| |) fuselage webs, channels, frames 

TEx œ> and angles where operating tem- 

peratures do not exceed 800 F. Preheating of 
blanks to 800 - 1,000 F is necessary. 


(continned on page 9 
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researeh 


The pressure vessels and deep-drawn shapes being made today 


in the Scaife factory are better because of scientific research in Starting with a 

r i heet of 
\Scaife Laboratories. For example, the development of the new eae ee i 
’ . . - ai 
į Scaife Dura-Lite LP-Gas Cylinder included a complete study of 
; ¢ é 


the deep-drawing process, using half-size parts made on the a cup is formed by 
a conventional 
: drawing opera- 
supplemented by complete metallurgical, physical, chemical tion. 


research department press shown above. This procedure, 


and specialized studies, permits accurate evaluation of various 

A continuation of 
: this pressing op- 
processing procedure. The result eration turns the 
cup “inside out" 
without removing 
uct designed and made on sound it from the dies, 


materials, drawing methods and 
is a better, more serviceable prod- 


engineering prin iples 


Scare Oy eee 
COMPANY rrea | 


is the complete 

, d- 

OAKMONT (Pittsburgh District), PENNA. r ee ae 
liquefied petro- 

Makers of Pressure Vessels leum gas. Similar 


. ll Scaife cylinders 
for Air, Gases and Liquids asaeatibieetaen, 


Here is the “big brother” of the acetylene and 
press shown at the top of the page. other materials. 
Full-size cylinder-half has been 
formed in one stroke of the press 
(see right) and is being removed 


for processing and assembly. 
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SOFT SOLDERING of sheet aluminum and magne- 
sium directly with 50-50 tin-lead, using no flux 
and no special cleaning or abrading preparation, 
is reported by Hubeny Bros, Roselle, N.J. 


THE SUITABILITY of new machining and grind- 
ing methods for use in finishing tough alloys used 
in jet engines is discussed in report MAB-18-M 
issued by the Metallurgical Ad- 
visory Board in Washington, D.C. 
Methods reviewed cover electro- 
lytic, electro-sparking and ultra- 
ry sonic techniques. Ultrasonics can 
Un be used on both metals and non- 
metals because the process does not utilize elec- 
tric current directly. Commercial use must be 
on an extensive scale to effect any savings. 





FORTY YEARS AGO the four flat surfaces of an 
automobile cylinder head were machined ata rate 
which required 162 machine tools to produce 108 
pieces per hour. Five years ago, improved ma- 
chines and cutting tools had advanced this job so 
that the same output was produced by six ma- 
chines. Today, this battery of machines is out- 
produced by one new 90-ton broaching machine, 
which operates at the rate of 137 pieces per hour. 


METAL PLATING and solder adhere better to 
oxide-coated metals and glass by using evapora- 
tion techniques revealed by the Army Engineer 
Research and Development Laboratories. The 
vapors of two metals are deposited at the same 
time so as to eliminate oxidation. To coat tita- 
nium with copper, titanium is first evaporated 
on the oxide-coated titanium. At the first sign 
of titanium deposition, the evaporation of copper 
is begun. At the first copper deposit, the tita- 
nium source is turned off and the copper evapor- 
ation continued until no titanium shows through. 
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Pictured on this month's cover is one of the largest continuous annealers 
in the brass industry. It was recently placed in operation by Chase Brass 


NO DEVELOPER is needed in the Perma-Stat 
process for reproducing half tones or line draw- 
ings on a non-porous surface. Developed by 
Trans Gel Prod. Inc., Queens Village, N.Y. and 
licensed to the Bettinger Corp. of Waltham, 
Mass., process consists of spreading a light- 
sensitive emulsion ona surface, placing negative 
of subject on the emulsion, exposing the latter 
toultra-violet light, dipping inadye andrinsing. 


TESTING 


RADIOACTIVE POLONIUM can now be purchased 
at Oak Ridge National Laboratory. This is the 
first reactor-produced radioisotope to be sold 
which emits alpha particles andneutrons. When 
bought foruseasa neutron source, the polonium 
will be mixed with beryllium and enclosed in a 
small nickel cylinder, As an alpha source, the 
polonium will be plated on platinum. Procure- 
ment is by established procedures. 


SYNCHRONIZED TRANSMITTERS and receivers 
are quickly checked with Type 226 Synchro Tester 
made by the Pennsylvania Testing Labs., Doyles- 
« ¢3 45 town, Pa. Either 60 or 400 cps 


ry’ 4° checks are obtained on every 10 
Sr 


A deg of rotation to an accuracy of 
7 10sec by turning a selector switch 

gs sg ota makes the required inter- 

nal connections. 

STEERING GEARS can now be tested with labora- 
tory precision right on the production lines. 
Chrysler Corp. has a machine that determines 
the efficiency of each gear by operating it against 
a predetermined load. Previously, only a re- 


latively small sampling of production parts and 
assemblies was checked in the laboratory. 






THIS MONTH’S COVER 





& Copper Co. at their Metal Works Plant in Waterbury, Conn. Combining 
annealing and pickling treatments, this giant Drever machine makes 
possible substantial savings in time and reduces materials handling in the 
full-scale production of specialty sheet brass. In addition, the unit provides 
more exact control of heat treating and critical grain size than was 
formerly possible. 

The annealer processes 140,000 Ib of sheet per day. It stands 45 ft high 
and takes brass sheet up to 25 in. in width and as thick as .04 inch. 

Another feature of the machine is that the material moves without inter- 
ruption and at constant speed through the heat treating furnace and pickle 
tank. When the output is stopped to remove a full reel, idler rolls rise 


vertically to take up the slack. These rolls drop when reels of untreated 
material are being threaded into the machine. Thus, by varying the length 
of the material path through the machine, process speed is made inde 
pendent of input and output speed. 
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Here’s the steam hose with built-in long life... in 
the form of a special stainless steel inner wire braid. 

This inner lining is there to fight tube swelling 
under continuous high pressure . .. a condition that 
kills ordinary steam hose — and usually kills it fast. 

Found only in CONCORD #20 STEAM HOSE, 
this protection helps assure retention of original 
inside hose diameter... acts against swelling and 
constriction of tube . . . promotes full flow of steam 
and easy recoupling in the field when necessary. 


Concord *20 


STEAM HOSE 


Another Quality Product of 


Boston Woven Hose & russer COMPANY 


Warehouse Stock: 111 N. Canal St., Chicago, illinois Distributors in all Principal Cities 
PLANT: CAMBRIDGE, MASS. + P.O. BOX 1071, BOSTON 3, MASS., U.S.A. 


SPECIAL STAINLESS STEEL INNER WIRE 
BRAID IS SECURELY LOCKED TO INSIDE 
WALL OF TUBE. You get this added 
safety protection and assurance of longer 
hose life only with CONCORD #20 
STEAM HOSE... another of BWH's 
significant developments in the field of 
mechanical rubber products! 


CONCORD #220 includes other construction 
features: two or three braids (depending on size) 
of alternate high tensile steel wire and rubber lay- 
ers firmly bonded over outside of tube for maxi- 
mum burst protection and safety; an asbestos braid 
for positive cover adhesion and cover insulation; 
a rugged, abrasion-resistant cover that withstands 
the toughest abuse. 

Put CONCORD #20 to work for you now... get 
in touch with your nearby BWH distributor today. 
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HOT SPRAYING APPLIES MORE SOLID 





PAINT QUICKER FOR A HIGHER QUALITY JOB. 


DEPENDABLE CALROD* UNIT CHOSEN 
BY BEDE FOR NEW PAINT HEATER 


Radical Savings in Time, Money, Materials Made 
Possible for Bede’s Many Automotive Customers 


Electric heat from Calrod heaters now 


reduces by 50 per cent the thinner 
used in automotive touch-up paint- 


ing, Bede 


according to 
Cleveland. 


BEDE’S CUSTOMERS report savings 


such as: “ 


Products. 


. 25 to 40 per cent less 
material used, and up to 50 per cent 
less labor cost,” experienced by a 
large Cleveland car dealer using hot 
spraying for retouch work. 

The new model R automotive re- 
finisher paint heater was developed 
by Mr. Bede after 18 years of experi- 
mentation and the manufacture of 
industrial heaters. The Model R uses 
a dependable long-life 650-watt Calrod 


tubular heater cast permanently into 
an aluminum plate to provide for an 
explosion-proof paint heater. 


YOU, TOO, may have an idea for a 


new machine or equipment where 
heat is needed. Use high-quality Cal- 
rod heaters and take advantage of the 
vears of experience G-E Heating 
Specialists have gained helping ma- 
chinery and equipment builders in- 
stall electric heat into their products 
for resale. 


FOR MORE INFORMATION, cal! the 
nearby G-E Sales Office, or write to 
Section 720-84, General Electric Com- 
pany, Schenectady, N. Y. 


“Registered trademork 


GENERAL Q ELECTRIC 


ossible this fast-n 


fede Products. Cle 


veland manufacture 


heating equipment for the automot 


se 


A G-E HEATING SPECIALIST will help you de 
sign dependable, long-life Calrod heaters 
your equipment or machinery for the big resale 
market. Get his services early in your planning! 


DEPENDABLE HEAT froma Calrod heater m 
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EASILY FORMED Calrod heaters will give yo 


clean, efficient, economical heat exactly where 


you want it, when you want it, and in the exact 


amount necessary for vour every applic t 
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Sigma Welding... 


A Process 
with Outstanding Promise 


Recently, the country’s biggest tank 


car manufacturer received the largest 
aluminum tank 
ninetv-eight tank cars on a 


order 


order for cars eve! 
issued 
single This order was obtained 
only because of the developme nt of a 


fully 


shielded inert gas metal arc welding 


automatic welding process . 


sigma welding. 


This 


doubie 


welding process has made 


vee butt welds at 5 in. per min. 
in l-in. material. Structural welds have 
18 in. per min. in 
as high as 200 in. 


on Ve in material 


been made at 


plate, and 


4% In. 
per min. 


Prior to the development of sigma 
tank 


cars Was a slow hand process. In order 


welding, fabricating aluminum 


to weld the heavy plates used in mak 


ing the cars, as many as six passes were 
‘quired 
With an automatic sigma welding 


setup, X-ray quality welds in the % to 
1% in. thick aluminum plates are made 
at spec ds of from 6 to 15 in per minute 

And only 


outside, are 


2 passes one inside and one 
required to get perfect 


High 


welding result in narrow 


penetration current densities 
used in sigma 


welds with deep penetration. 


Sigma welding is fast becoming an 
important fusion welding method. It 
has not only replaced many other weld 
ing methods, but has permitted fab- 
rications hitherto 


welding. 


impracticable for 


Just recently, a metalworker adopte ‘d 
this process for welding an aluminum- 
bronze valve seat to a mild steel tube 

. sigma welding proved to be the 
only practical method he could use for 
this work. 


Another shop built their first alumi 
num tank using sigma welding ... The 
large tank was finished so quickly 
work progressed without stopping - 
that the shop will replace all other 
welding methods with sigma welding 
Excellent welds requiring little finish- 
ing were obtained in the % in. 
num plates. 


alumi 
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ELECTRODE AWD THE 
work PIECE —YOU KNOW 


New Processes Need New Names 


The cartoon shows just about the 
way it started . . . Shielded inert gas 
metal are welding was quite a mouth- 
ful to say when describing or referring 
to the process. It also required a lot of 
space in written material. 

Then someone said sigma welding. 
It was easier to say. 


Each ot 


Sigma is a good word, too. 


Metals Being Joined 


Sigma welding can be used on prac- 
tically all commercial metals. Railroad 
tank cars, chemical and food process- 
ing tanks, pressure vessels, and brewery 
equipment are only a few applications 
where the process is being used eco- 
nomically, Here’s a quick look at some 
of the metals being joined by this 
pr CESS i 
Aluminum . .. All weldable grades in- 
cluding 3-S, 50-S (150-S), 52-S, 61-S, 
and the commercially pure 2-S alloy 
are being welded w ith excellent results 

The se alloys are 
welded in thicknesses 
0.50 in. to 1.50 inch... Hand welds are 
made in material % in. and thicker . . . 
Maximum thickness that can be weld- 
ed is unlimited with multi-pass tech- 
nique... 

Stainless Steel . .. Sound X-ray quality 
butt welds have he ‘en obtained in thick- 
nesses ranging from } 


being machine 


ranging from 


% to % inch... 
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the letters is an initial letter of the 
words: shielded, inert, gas, metal, and 
are, 

This easy-to-say word, sigma, is now 
used to describe the process. It is not 
a trade-marked word, and is used in 
the same sense as oxy-acetylene weld- 
ing, gas cutting, or brown dog — just 
like any other descriptive adjective. 


by Sigma Welding 


Quite evident that heavier thicknesses 
can be welded . Results of tests 
show that welds possess good tensile 
strength, elongation, and impact resis- 
tance... 
Copper . . . Sound butt, fillet, and cor- 
ner welds have been made in % in. and 
4 in. deoxidized copper. 


Everdur . . . Butt welds made in %, %, 
and % in. thick materials are sound, 
smooth, and without cracks or under- 


Tests showed that bend and 
tensile specimens have excellent prop- 
erties. 

Carbon Steel . . . Sound machine butt 
welds have been made in % in., 4 in., 
and } in. thick killed and semi-killed 
carbon steels .. . 

Aluminum Bronze rod has been de- 
posited on mild steel with excellent re- 
sults . . . Wear resistance greatly im- 
proved .. . Other a z and Siiip 
operations very successful . 


cutting. 
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erspectit EŞ ~ DESIGN AND 


DEVELOPMENT 


WASHINGTON 
METALS 
OUTLOOK 


This is how Washington views the metals outlook for 1953: 

Steel supply and demand in general will be in balance in the first 
quarter of 1953. Inventory limitations will be boosted from 30 to 45 days. 
The strike's effect on steel supplies has turned out to be far less serious 
than anticipated. Virtually all steel deliveries to defense contractors 
will be caught up by the start of next year. The outlook is bolstered by 
forecasts of record-high steel production in the fourth quarter. 

Product by product, these will be very tight until the second half of 
1953: cold-drawn and hot-rolled carbon and alloy bars; plates; nickel- 
bearing stainless; carbon and alloy seamless tubing; and wide-flange 
structural shapes. Looseningupin the firstquarter will be cold-rolled, 
galvanized, and hot-rolled sheet; cold-rolled and hot-rolled strip; and 
seamless pipe. Already in adequate supply aretin plate; hot-rolled rods; 
straight chrome stainless; tool steel; and welded tubing. The shortage 
in alloy steels is primarily a matter of long lead-times. Demand is 
dropping sharply. 

Lifting of CMP, a strong possibility for the second quarter, would 
not boost steel demand substantially. In fact, there's belief that steel 
output may dropto 85 percent of capacity in the second quarter. There 
has been no mad rush to place orders since the strike settlement. The 
steel companies may have a big selling job on their hands. 


f 
f 


LAN | IBRARIES 


COPPER IN Supply is now in balance with foreseeable demand and should remain 
BALANCE that way through next year. Even if CMP is retained, consumers will 
be able to buy all the copper and copper-base alloys they want in 1953, 
and use the metal without restriction. Already brass and bronze are so 
plentiful that many mills and foundries are now crying for business. 
The supply-demand balance could be upset next year, however, by 
large-scale government stockpile buying, increased military expansion, 
and a general revival of consumer hard-goods buying. 
The balance in copper was achieved more quickly than mobilization 
planners thought possible. The reasons: the great increase in imports 
(fosteredin part by the threat of a domestic strike), buying of consumer 
hard goods (which cut industrial demand). 
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BASIC METAL The problem in copper has been a shortage of the basic metal in con- 
SHORTAGE trast to steel and aluminum, where the problem stemmed from the need 
for new producing and fabricating capacity. In copper, there's absolutely 
no need for additional capacity. Since 1950 the only expansion has been 
to replace obsolescent equipment. 
Total U. S. copper consumption is now 10 percent more than pre- 
Korea. The increase has been taken up by boosted imports of refined 
copper. Domestic demand for copper should grow about 45 percent over 
the next 25 years, the President's Materials Policy Commision recently 
reported. To meet the growing demand, the U. S. will have to double 
imports. There's little chance of a hike in domestic output. The trick 
here is simply to maintain current production rates as much as possible. 
Main deterrent is the sizeable disparity between the domestic ceiling 
price and the uncontrolled world price. 


(Continued on page 117) 
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ETCHED CIRCUITS 




















HIGHER BOND 
BETWEEN METAL 
AND CORE 
















J SUPERIOR 
i i g INSULATING 
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' metal-clad . LAMINATE 





T-725 and T-812 


Laminated INSUROK Grades T-725 and T-812 have made history ever since 
they were first introduced to the electronics industry. These laminates, 




















possessing a unique combination of properties, have shown sensational 
performance in critical high-frequency applications. 

Now these superior electrical laminates are available in Metal-Clad form 
with copper or aluminum sheet bonded to one or both surfaces) for 
the production of “printed circuits.” 

Metal-Clad INSUROK exhibits outstanding electrical properties which 
remain remarkably stable under repeated temperature and humidity cycling. 
In addition, it possesses high physical strength and low cold flow, and 





punches readily into intricate shapes. The metal foil is bonded by a special 

process assuring consistently higher bond strengths than ever offered before. 
Samples of Copper or Aluminum-Clad INSU ROK are 

available for testing purposes. Send for complete information, today. 


The RICHARDSON COMPANY 


FOUNDED 1858—LOCKLAND, OHIO dl 
2793 Lake St., Melrose Park, Illinois (Chicago District) Typical Printed 
SAAes OFNICRS: Cleveland o. Beweh S tad : . = Ciia ai Circuit made with 
; evelan etro! ndianapolis oc — , m Metal-Clad INSUROK 
Los Angeles * Milwoukee * New Brunswick, (N. J.) * New York * Philadelphia 


Rochester * 











San Francisco * St. Lovis 
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DEMAND PROBLEM 


ALUMINUM 
STOCKPILING 


TIN, LEAD AND 
ZINC 


While there is little question of copper supplies next year, the big 
headache for producers may be one of immediate demand. Although 
copper industry spokesmen may talk down the danger of aluminum sub- 
stitution for copper, this should be a big factor. Aluminum is cheaper 
than copper and has these qualities: it's a good electrical and heat con- 
ductor, is easily machined and worked, and is resistani to atmospheric 
corrosion. In addition, recent advances in aluminum welding technology 
promise to increase the use of aluminum still further in applications 
formerly reserved to copper and brass. 

But the copper industry contents itself with a PMPC forecast than the 
demand for end-products using copper is likely to, grow so much in the 
next 25 years that it will run ahead of supply. The industry also sees it 
this way: the more aluminum that's used, the more brass and copper, 
too. Copper industry spokesmen say aluminum will take the real big cut 


out of the market for steel and forest products, rather than out of the 
copper products market. 


Aluminum is now in approximate balance, while the degree of abun- 
dance in 1950 depends on stockpile plans. Currently there's relatively 
little stockpiling of aluminum ingot. DPA andthe munitions board want 
to begin large-scale stockpiling in the first quarter. This would hold 
off abundant aluminum supplies for non-defense consumers until the 
second half of 1953. NPA'S aluminum division believes that stockpiling 
should wait until third quarter 1953, when there'll be enough aluminum 
from new capacity for all consumers. 

In any case, we'll be out of the woods on aluminum next year. It's 
just a matter of what part of 1953. Aluminum expansion fell one-quarter 
behind schedule because of delayed plant construction resulting from the 
steel strike, power shortages, and inadequate scrap supplies. 

To bolster the stockpile program, there'll be another expansion round 
of domestic ingot capacity -- with new producers. There has been contro- 
versy on whether we have enough facilities. The established producers 
and some NPA aluminum officials are inclined to worry about future de- 
mand for the new output. Everyone agrees however, that under full 
mobilization, there will be no lack of fabricating capacity. 

Aluminum will be decontrolled by mid-1953. The feeling is that con- 
trols -- though not significant since most users can get the metal they 
now need -- is stifling new demand. Manufacturers are not going into 
aluminum whole hog it's said, for fear of inability to get the light metal. 


And until tremendous supplies are evident, aluminum demand won't go 
up substantially. 


Tin, lead and zinc will be in good supply. Tin controls will be drop- 
ped inthe first quarter of 1953. Thecontrolsare now meaningless any- 
way. Tin allocations are big enough to meet all consumer needs, and 
liberal exceptions are being made to NPA'S inventory restrictions. Tin 
bought by RFC this year exceeds minimum national requirements by 
more than 20,000 tons. Thesurplus will go intothe government's stra- 
tegic stockpile. Private imports of tin, which have been recently resum- 
ed, will boosts supplies even more. 

Lead and zinc, no longer under control, are plentiful. Consumption 
is below 1950 levels. Lead prices have dropped from 19 cents a lb. in 
February to 16; zinc from 19.5 cents to 14 cents -- and U. S. pro- 
ducers are cutting back production. 

The problem according to the government, was to maintain domestic 
output. To propupthe markets, the government (1) set up a 30, 000-ton 
"intermediate reserve" of lead, apart from the strategic stockpile, and 
(2) announced intentions to buy zinc after disclosures that the Stockpile 
goal had been reached. Both moves pushed prices up 1/2 cent a pound. 
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How Whirlpool Corporation, St. Joseph, Mich., 
found Twin Type Speen Nuts savings of 37%... 
reduced Materials Handling 75% 


Whirlpool engineers have matched the smartly 
styled beauty of this automatic clothes dryer 
with smartly engineered, cost-saving fastening 
methods! In the complete dryer assembly, they 
have specified more than 40 SPEED NUTS of 
various types! Their latest find is a neat 37% 
production savings through the use of Twin 
Type SPEED NUTS in attaching the burner 
assembly to the base plate, eliminating two 
threaded nuts and two lockwashers for an 
amazing 75% cut in materials handling! 


No matter what you build or assemble, whether 


uv 


Po oi. 
TI rS 


Whirlpool 
“TUMBLES” COST 37% 


... on Clothes Dryer Burner Assembly! 









you're in the design stages or in full production, 
there’s a SPEED NUT way to solve your fastening 
problems! The TINNERMAN representative in 
your area will quickly supply detailed informa- 
tion on our FREE Fastening Analysis Service 
for your products. Call him soon! Meantime, 
write for your copy of “SPEED NuT Savings 
Stories”, a booklet showing many typical 
TINNERMAN cost-saving solutions to a wide 
variety of fastening problems in industry. 
TINNERMAN PRODUCTS, INC., Dept. 12, Box 6688, 
Cleveland 1, Ohio. In Canada: Dominion 
Fasteners Ltd., Hamilton. In Great Britain: 
Simmonds Aerocessories, Ltd.,Treforest, Wales. 
In France: Aerocessoires Simmonds, S. A.— 
7rue Henri Barbusse, Levallois (Seine) France. 
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Pouring molten stainless 
steel at 3100 F into unsup- 
ported shell molds. The 
good permeability of the 
mold walls is evident 
from the escaping burn- 
ing gases. 

Cooper Alloy Foundry 
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Shell Molding 


Saves Through Greater Mechanization and Less Machining 


The shell molding process—the latest development in mechanized casting—offers 
greater latitude in the design of metal parts. It fills the gap between green sand 
casting and precision casting, offering advantages not found in either process. 


THE TWO OUTSTANDING and reason- 
ably substantiated advantages of the 
shell molding process are its adapta- 
bility to a high degree of mechaniza- 
tion and the obtainable savings in 
machining through closer tolerance 
casting. 

Each of these aspects of the process 
directly “affects the design engineer. 
The equipment needed to mechanize 
the process differs considerably from 
Propuct 
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standard foundry equipment. The 
design of new machinery will occupy 
a major position in the development 
and acceptance of shell molding. On 
the receiving end the product designer 
can take advantage of the close toler 
ances and machining savings offered 
by the process. In either case an un- 
desta of the basic features of 
shell molding and its advantages and 
limitations is mandatory 


1952 


Mechanization 


The field of machinery design for 
shell molding appears to be wide open 
This no doubt stems from the fact that 
everyone connected with the process 
so far has been « 


ssentially a pioneer 
Patent difficulti« 


f 

s, real or imaginary, 
have prohibited exchange of detailed 
information. Everyone has to start 


rom scratch with a knowledge of 
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Manual Shell Molding 


(a) Phenolic resin is mixed with 92 to 
98 percent fine-grained sand 


(e) Two mold halves clamped together 
form the finished mold. In the rear is 
a conventional sand mold. 


(b) Heated metal pattern is sprayed 
with a silicone lubricant. 


(f) The sand-resin shell molds are 
backed up by metal shot during 
pouring. 


Automatic Shell Molding 


(a) The sand-resin mixture is auto- 
matically prior to filling the dump box 
on the shell mold machine. 


(e) A firm bond is produced by press- 
ing the warm mold halves together 


(b) The Shell Mold Machine Co. 
machine performs pattern heating, 
dumping and curing automatically. 


(f) Molds are set in racks. In this 
case no supporting material is used. 


Pre DUCT 


(c) The hot pattern is fastened on the 
resin-sand filled dump box which is 
inverted to form a semi-cured mold. 


(g) The finished casting is readily 
knocked out of the brittle mold. 


(c) After the automatic curing cycle 
the fully cured mold is removed. 


(g) A closeup of thé pouring opera- 
tion shows the gases escaping through 
the permeable mold walls. 
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(d) After final cure in an oven the fin- 
ished shell mold is separated from the 
pattern by stripper pins. 


(h) The finished casting, left, compared 


to a green 


sand casting 


smoothness. 


for 


surface 


(d) Cores are inserted in the mold and 
the mold closed using bonding tape. 


(h) After a few minutes the castings 
are knocked-out from the brittle molds. 
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only the fundamental principles of 
the process 


The basic concept of shell molding 
is the formation by 


thin 


troi 


) heat of a 
walled, rigid, permeable 


f 
a mixture of fine 
thermosetting 


mold 
grain sand and 
phenolic resin This 
light mold replaces the bulky cop 


and drag sections of conventional sand 
molds 


pro 


The fundamental steps in the | 
ess Fig. l are: (1) Mixing of fine 
silica) sand and powd:red phenoli 
resin in a blender and transfer of the 
mixture to a dump box 

(2) Heating of a metal pattern for 
15 to 20 seconds at 400 to 500 F and 
spraying it with silicone lubricant 

(3) Attaching the heated pattern 
plate to the dump box and transfer 
ring the resin-sand mixture to the 
pattern. The resin fuses to form a soft 
crust of resin and sand 

(4) Removing th pattern 
and adhering sand-resin crust from 


plate 


the dump box and transferring to 
oven at 650 to 750 | 
cycle IS usually about 2 to 3 m 
pending upon oven temperaturi 

(5) Removing the pattern from 
the oven and stripping of the cured 
shell mold. 

(6) Clamping or adhering of the 
two mold halves together 

(7) In some cases backing up th 
shell mold with steel shot or sand 

(8) Pouring the molten metal into 
the mold. 

(9) Knockout of finished casting 

The shell molding process lends it 
self readily to mechanization Fie 
because of its simplicity. Skill of th 
operator or foundryman, a major fa 
tor in green sand molding, is of min: 
mum importance 

Molding machine 
have presented various designs for 
tomatic control of pattern heating 
mold forming and curing and in som 
cases stripping and removal of the 
mold from the pattern. The operator 
is required only to start and ston th 
operation and to see that it is 
tioning properly. 

Some of the companies presently 
engaged in automatic machine design 
and manufacture include Econocast 
Inc., The Osborn Manufacturing Com- 
pany, Shell Mold and Machine Com 
pany, Sutter Products and Winter 
Engineering Company 

The machines and their various parts 
must be designed to effectively carry 
out their functions in conformity with 
the theory of shell molding. This 
theory stipulates the following require 
ments for satisfactory results 


manufacturer 


au 


run 


(a) Proper composition. purity and 
] 


uniformity of th resin mixtur 


San 


- 
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Automat! 

sand add tuon 
2 Removal 
lumped mixture 
3. Automatic 
trol on the pattern and on the curin 


continuous heat cor 


oven 

i. Elimination ot patteri 
eration 

) Auton ati 
coating 

Automat 

al to prevent 
warping 


f S 


7. Maximun 


L 


ment of cycl 


Unit 


tion for multiple head machines 


interchangeable 


construi 
The first six points are in accord 
ance with thi 
good shell molding 
the remainder ar 


theoretical principles of 
pD tice 
pra 


concerned with ef 


fectiveness, flexibility and interchang 

ability of design. In g 

sented the Winter Engineering Co 

technique of putting thes 

effect 

This permit 

total mass of sand to strike th pat 
one time. The sand is allowed 

to fall through a height of 30 in 

the fall is broken to a gradual 

buildup along the sides of the pattern 

This prevents 


Fig. 3 is pre 


points into 


machin does not 
tern at 


and 
insur 


arching and voids and 
that usually 
with large volume dumping 

Heater plates on this machine ar 
made adaptable to a 


uneven porosity result 


varied arrange 
ment of patterns. The assembly of the 
heater plate and pattern plate is made 
away from th 
norary shut down 


machine so that tem 
during changeover 


is nnne ssary 


Controlling Factors 


Detailed data on the exact re 
ments for proper 
as yet available 


tion 


shell molds are 
at least publica 
and there is no doubt a 

work to be 
ever, there are at 


not 
tor 
lot of 


How 
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ODVIOUS 


in this field 
least 
indications of the effects of 


doni 
some 


various 
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How Whirlpool Corporation, St. 
found Twin Type Speen Nurs sav 
reduced Materials Handling 75° 


Whirlpool engineers have match 
styled beauty of this automatic 
with smartly engineered, cost-sa 
methods! In the complete dryer 
have specified more than 40 SI 
various types! Their latest find 
production savings through th 
Type SPEED NUTS in attachir 
assembly to the base plate, eli 
threaded nuts and two lockw: 
amazing 75% cut in materials ha 


No matter what you build or asse 





"TUMBLE S” CAST 277 











Ocroser, 1952 


Propucr ENGINEERING 





GES 


SING 


tion and the obtainable savings in 
machining through closer tolerance 
casting. 

Each of these aspects of the process 
directly affects the design engineer. 
The equipment needed to mechanize 
the process differs considerably from 
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the receiving end the peee designer 
can take advantage of the close toler- 
ances and machining savings offered 
by the process. In either case an un- 
Ginnaliii of the basic features of 
shell molding and its advantages and 
limitations is mandatory 
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echanized casting—offers 
gap between green sand 
found in either process. 


Mechanization 


The field of machinery design for 
shelf molding appears to be wide open. 
This no doubt stems from the fact that 
everyone connected with the process 
so far has been essentially a pioneer. 
Patent difficulties, real or imaginary, 
have prohibited exchange of detailed 
information. Everyone has to start 
from scratch with a knowledge of 
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Manual Shell Molding 


(a) Phenolic resin is mixed with 92 to (b) Heated metal pattern is sprayed (c) The hot pattern is fastened on the 
98 percent fine-grained sand with a silicone lubricant. resin-sand filled dump box which is 
inverted to form a semi-cured mold. 


(e) Two mold halves clamped together (f) The sand-resin shell molds are (g) The finished casting is readily 
form the finished mold. In the rear is backed up by metal shot during knocked out of the brittle mold. 
a conventional sand mold. pouring. 


Automatic Shell Molding 


(a) The sand-resin mixture is auto- (b) The Shell Mold Machine Co. (c) After the automatic curing cycle 
matically prior to filling the dump box machine performs pattern heating, the fully cured mold is removed. 
on the shell mold machine. dumping and curing automatically. 


(e) A firm bond is produced by press- (f) Molds are set im racks. In this (g) A closeup of the pouring opera- 
ing the warm mold halves together case no supporting material is used. tion shows the gases escaping through 
the permeable mold walls. 
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(d) After final cure in an oven the fin- 
ished shell mold is separated from the 
pattern by stripper pins. 


(h) The finished casting, left, compared 
to a green sand casting for surface 
smoothness. 


(d) Cores are inserted in the mold and 
the mold closed using bonding tape. 


th) After a few minutes the castings 
are knocked-out from the brittle molds. 
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only the fundamental principles ot 
the process 

The basic concept of shell molding 
is the formation by heat of a thin 
walled, rigid, permeable mold fror 


a mixture of fine grain sand and 
thermosetting phenolic resin This 
light mold replaces the bulky cop 


and drag sections of conventional sand 
molds 


pro 


The fundamental steps in the | 
ess Fig. 1 are: (1) Mixing of fini 
silica. sand and powd red phenoli 
resin in a blender and transfer of the 
mixture to a dump box 

(2) Heating of a metal pattern for 
15 to 20 seconds at 400 to 500 F and 
spraying it with silicon 

(3) Attaching the heated 
plate to the dump box and 
ring the resin-sand mixture to th 
pattern. The resin fuses to form a soft 
crust of resin and sand 

(4) Removing the 
and adhering 
the dump box and transferring to an 
oven at 650 to 750 F. Th 
cycle is usually about 2 to 3 


lubricant 
pattern 


transfer 


pattern plate 


sand-resin crust trom 
curing 
) min d 
pending upon oven temperature 

(5) Removing the pattern from 
the oven and stripping of the cured 
shell mold. 

(6) Clamping or adhering of the 
two mold halves together 

(7) In some cases backing up the 
shell mold with steel shot or sand 

(8) Pouring the molten metal into 
the mold 

(9) Knockout of finished castings 

The shell molding process lends it 
self readily to mechanization Fig 
Skill of th 
operator or foundryman, a major fa 
tor in green sand molding, is of min: 
mum importance 

Molding machine manufa 
have presented various d signs for au 
tomatic control of pattern heating 
mold forming and curing and in som: 
cases stripping and removal of the 
mold from the pattern. The operator 
is required only to start and ston th 
operation and to see that it is fun 
tioning properly. 

Some of the companies presently 
engaged in automatic machine design 
and manufacture include Econocast 
Inc., The Osborn Manufacturing Com- 
pany, Shell Mold and Machine Com 
pany, Sutter Products Winter 
Engineering Company. 

The machines and their various parts 
must be designed to effectively carry 
out their functions in conformity with 
the theory of shell molding. This 
theory stipulates the following require 


ments for satisfactory results 
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first six points are in accord 


good shell molding practice 


the remainder are cnn rn 
flexibility and int rchang 
ability of design. In Fig. 3 is pre 
sented the Winter Enginecring Co.'s 
technique of putting these points into 
effect 
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Fig. 3—One type of automatic machine 
| consists of a continuous rotary or 
rotary indexing table on which is 
mounted one or moze unit heads. Each 
unit head is a complete self-contained 
assembly. The work cycle consists of 
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the following: 


semi-cured lumps. 


4. Just before pattern face-up position is attained the pattern is 
withdrawn from the flask to allow clearance to permit the pattern 
and mold to enter the furnace (Station 2, right). 

5. As the mold leaves the curing furnace, air cylinder operated 
Immediately upon strip- 


ejector pins remove it from the pattern. 


strength of the mold shell. The phe 
nolic resin used will absorb moisture 
and consequently precautions must be 
taken against leaving containers ex 
posed 

Inadequate mixing, too fine sand, 

esin-sand separation and the pres 
nce of semi-cured or cured lumps will 
result in lack of uniformity of struc- 
ture and will produce voids. Mold 
strength and permeability will be ad- 
versely affected and the finished cast- 
ing will probably have rough spots on 
the surface. The design of equipment 
should insure thorough mixing, uni- 
formity of composition and screening 
out of cured lumps. 

Temperature Control—In automat 
production of shell molds the govern- 
ing factor is of course time, which is 
closely tied to temperature. A major 
part of the cycle time is consumed in 
forming and curing the mold. Both 
the thickness of the mold and the stat 
of cure are functions of time and te: 
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1. Pattern is moved up to sand flash by two air cylinders oper 
ated automatically by solenoid control valves. 

2. Sand is dumped (left) by pneumatically opening the lower 
shutter in the sand flask. It falls onto the thermostatically con- 
trolled, electrically heated pattern for semi-curing. 

3. After semi-curing the closed sand flask and pattern assembly 
are rotated 180 deg. to dump the excess sand-resin mix. This re- 
turning sand is screened through an electrically vibrated screen to 
prevent semi-cured lumps from entering the sand reservoir. The 
flask-pattern assembly continues to rotate to resume pattern face-up 
position. A side trap door and baffle panel swing and dump the 











ping, the rods on the removing mechanism thread through the 
stripper pins and in rising pick up the mold whereupon the 
stripper pins are withdrawn. The mold then is rotated 180 degrees 
and dropped on either a rack or a take-away conveyor. During 
the 180 degree swing away from the machine provision is made 
for cooling by means of an air blast to the mold before it is 
touched by hand. The removal mechanism is provided with a 
flying head arrangement if automatic re-set takeoff is not required. 
An automatic takeoff however is provided to eliminate manual 
handling of the mold. 

6. As soon as the mold is removed the pattern passes by a rotary 







brush, air nozzle and exhaust arrangement which cleans off adher- 





perature at which the resin-sand mix- 
tures will cure satisfactorily. 

Closer control of mold wall thick- 
ness can be maintained by close con- 
trol of the temperature of the pattern. 
Keeping the temperature constant by 
incorporating heating elements into 
the pattern plate contribute to uni 
formity of thickness. 

The state of cure of the mold and 
consequently its strength are depend- 
ent to a great extent on good con- 
trol of oven temperature. 

Too low a curing temperature will 
not produce strong enough molds in 
a reasonable time. Too high a tem- 
perature can result in a friable surface 
and in excessive warpage. Generally 
mold cure times run from 15 to 45 
seconds depending upon the mold 
thickness 

Each of the steps in the shell mold 
process must be thoroughly studied to 
better learn where savings in cycle 
time can be materialized 
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ing particles of sand. The pattern then passes under spray nozzles 
that deposit silicone lubricating solution on the pattern face. Gen- 
erally continuous rotary machines with 6 heads or more are prefer- 
able for high speed production. For variety work and job lot runs 
a 2 head or 4 head rotary index machine gives better flexibility. 





Winter Engineering Co. 


Machining Savings 


Savings in machining of shell 
molded parts over sand molded parts 
result from the following mechanical 
and metallurgical advantages: 

(1) Better dimensional accuracy. 

(2) Less shifting of the mold 
halves. 

(3) Better surface appearance. 

(4) Excellent reproducability. 

(5) Thinner sections can be cast. 

(6) Less metallurgical defects such 
as blowholes, porosity, cold sheets and 
included sand and dirt. 

The features of a shell mold that 
produce the above improvements over 
a sand mold in the finished casting 
are its greater permeability, high in- 
sulating properties, good strength and 
smoothness of surface. 

The dimensions and surface condi- 
tion of the shell mold reflect accurately 
those of the pattern plate. Tolerances 
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Fig. 6—The minuteness of detail that can be reproduced 
in a resin-sand mold is indicated by this artistic 
pattern. The mold material is strong enough to re- 
tain the fine edges and contours without crumbling. 


Americon Brake Shoe Co 


= 4000-2 


Sk 


W eating hous 
Fig. 5—Some practical dimensional toler- 
ances that can be held on shell molded cast- 
ings are indicated on the above drawing. 


American Brake Shoe ( 


Fig. 4—The automatic shell mold 
machine manufactured by The 
Osborne Mfg. Co. has a tilting 
pattern plate and a swinging oven. 
The oven is shown in off position. 
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of between 0.002 and 0.005 inches 
can be achieved with well designed 
pattern equipment. A greater variation 
will occur across the parting plane 
An additional 0.010 inch across th« 
parting line would be reasonable. Fig 
5 shows practical tolerances for vari 
ous typical dimensions. 

The total variation in casting dimen 
sions from the nominal will be the 
sum of three elements. 

1. Variation from casting to casting 
—a normal distribution caused by un- 
controllable variables. 

2. Error in register and closure 
across parting line. 

3. Shift from nominal caused By 
incorrect shrinkage estimates in design 
and manufacturing tolerances for the 
tooling itself. 

The third element can be essen- 
tially eliminated where additional cost 
of correcting tooling can be justified. 
Wherever practical, drawing toler- 
ances should allow for all elements 
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al shell mold metal pattern plates. 


shell mold, as well as its surface 
smoothness, better flow of the liquid 
metal is obtained. Casting of thinner 
sections is possible—down to about 
0.010 inches. There is also less tend- 
ency for the formation of cold shuts. 
These are surface discontinuities pro- 
duced when two streams of molten 
metal fail to unite because of prema- 
ture freezing. 

Greater reproducability of detail, 
Fig. 6, is also obtainable because of the 
improved fluidity. This is advan- 
tageous for incorporating printed in- 
formation or company trade-marks on 
the metal surface. 

Blowholes and porosity are reduced 
because of the permeability of the shell 
mold. In spite of the fact that the 
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phenolic resin produces a gas wher 
contacted by the metal, thi 
gas and the dissolved gases liberate: 
hy th readily di 


persed to the at mosį here through th 


molten 
cooling metal are 


permeable mold walls 

Dirt, sand and other foreign par 
ticles are prevented from entering th 
melt because of the inherent cleanli 
ness of the shell mold and its tightly 
bonded sand-resin structut 


Castable Metals 


Shell molding has 
adaptable to aluminum, grey iron 
nodular and malleable iron, low leaded 
tin bronzes, stainless steel and other 
highly alloyed steels. Some work, not 
entirely successful, has been done with 
magnesium. 

The low carbon steels have so far 
remained a problem. The high melt 
ing point of these metals and thc 
low viscosity of the melt have caused 
penetration of the metal into the mold 
surface with resultant roughness of 
the surface of the casting. This diffi- 
culty is also experienced with some 
stainless steels. lhe incorporation into 
the sand-resin mixture ot various in 
hibitors has produced some improve- 


been provid 


ment. Iron oxide powder is used in 
shell molds at Cooper Alloy Foundry 
Co. for stainless steel castings. 

Gas turbine bucket blades have been 
successfully cast from high temperature 
alloys by shell molding. It is expected 
that this field will expand considerably. 
The cast material is claimed by some 
to have better high temperature prop- 
erties than forgings 

Lead sweating of high tin bronzes 
still presents a problem in shell mold- 
ing. The slow cooling of bronzes with 
a high tin content evidently produces 
greater segregation of the lead and 
allows more time for migration toward 
the surface 
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Pattern Materials 


The metals generally used tor shell 
mold patterns include aluminum, grey 
iron and copper base alloys. Becaus 
of the excellent reproducability of 
shell mold castings the surface of these 
patterns is required to be very smooth 
to gain this inherent advantage 
Aluminum has the disadvantage of 
being casily nicked, it distorts at cury 
ing temperatures and it loses its sur 
face smoothness under attack of the 
gases given off during curing. With 
the grey iron and copper alloys the 
major problem is oxidation and scal- 
ing which will interfere with heat 
transfer to the resin-sand mold 


Limitations 


Because of the limited strength of 
shell molds there are limitations on 
the size of parts that can be cast. Al- 
though castings approaching 200 Ib 
have been successfully cast the best 
applications appear to be in parts 
weighing from 10 to 20 pounds 
preferably in the 10 pound range 

If no extensive savings are possible 
in machining, the shell molding proc 
ess will be economically feasible only 
for medium or high volume production 
items. It will therefore not be too 
suitable for jobbers or where only a 
few parts are required. 

The high cost of patterns for shell 
molding still remains a deterrent to 
further growth of the process. These 
patterns must be made of a material 
that will withstand continuous or cyclic 
heating to high temperatures and must 
be machined to close tolerances and 
to a smooth finish to get full advantage 
of the potentials of the process. 

As mentioned in the previous sec- 
tion, there are also limitations at pres- 
ent to the type of metal that can be 
cast satisfactorily 


production equipment 


Fig. 8 
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Two large grey iron parts cast in shell molds at the Lynchburg Foundry 


Outlook for Shell Molding 


The shell molding process is claimed 
to be the greatest stimulus that has hit 
the foundry industry in many years. It 
fills the gap, with considerable over 
lap, between conventional sand mold 
ing and investment casting, giving th 
design engineer greater latitude 

There will probably develop through 
extensive research now underway a 
better understanding of the principles 
of metal solidification 

It is expected that further expansion 
of shell molding will result with th 
development of lower cost patterns, 
cheaper resin and smaller proportior 
of it and less costly and more flexible 


In many cases 


the manufacturer will find it advisable 


i 
to construct his own equipment from 
engineered units both from the stand 
point ot cost savings ind adaptation to 
existing facilities 

The design engineer 
the middle Many 
claimed for the process and for its 


product, yet the 


is caught 


1 
advantages ar 


shroud of secrecy 
hinders dissemination and study of the 
facts behind these claims. When the 
industries doing shell molding get 
around to letting the design engineers 
in on it there will no doubt be stimu 
lated activity in machine and product 
design, with subsequent improvements 


in the process and its products 


Fig. 9—Shell molded parts produced by 
the American Brake Shoe Co. include 
(a) Cover for machine gun, as cast, left 
and finished with inserts, right. Closer 


LAN | IBRARIES 


2044074 24 eee te 


‘ 
/ 


; 


rinna DCITY DE MICH 


tolerance casting saved considerable ma- 
chining; (b) Textile part which required 
close as-cast tolerances to allow chucking 
in automatic machines without changes 
in setting. The as-cast part is shown 
at bottom right; (c) Airfoil section re- 
quiring close control of section thickness. 


1: 


Propuct ENGINEERING — OCTOBER, 





In this survey of the major commercial plastics, outstanding new uses of the 


various types are discussed together with the more important established 


applications and the properties of each material that suit it for these uses. 


The Status of Plastics in 


THE PAST TEN YEARS have seen a 
remarkable increase in the production 
and application of plastics. Improve- 
ments in formulations and in design 
have overcome many of the former 
limitations of these materials. In the 
last two years impetus has been added 
to the use of plastics by their relatively 
good supply compare d to metals. 
This survey of the major commer- 
cial plastics, their properties and re- 


ent applications will serve to indicate 
the general position and trend of 
plastics in today’s industrial market 


[hermoplastics 
There have been more new devel- 
opments among the thermoplastics 
than among the thermosetting resins 
poan because of their more di- 
verse chemical structure with conse- 
grii more diverse properties. In 


addition to new mate rials, there has 
also been activity in developing new 
applications ar nd improved formula- 
tions of established materials. 
Nylon—The number of molded ny- 


lon parts has grown steadily as molders 
have come to understand the processing 


of the material and end-users have 
gained more experience with its prod- 
ucts. The sharp melting point of 


nylon, in contrast to the indefinite 
melting point or long softening range 
of other plastics accounts for the proc- 
essing difficulties experienced. These 
problems are now thoroughly under- 
stood and the designer can now find a 
competent molder for the material. 
Nylon parts are used extensively in 
such fields as the automotive, business 
machines, textile machinery and build- 
ers’ hardware because of their .good 
abrasion resistance, low coefficient of 
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friction, and the ability to dispense 
with lubricant under light load at high 
speeds or under moderate load at lower 
speeds. Also, they may cost about 
one-sixth as much as equivalent parts 
machined from brass or steel. 

Other important properties of nylon 
include: Resistance to cold flow and 
deformation under load; service tem- 
perature of 400 F and more; good 
aging properties indoors; light weight 
and consequently low cost per unit; 
moldability in extremely thin sections 
and around delicate inserts, allowing 
flexibility of design not available to 
many other plastics. Thus, there are 
small nylon coil forms with flanges less 
than 0.01 in. thick. It’s chemical re- 
sistance plays a roll in some uses, its 
low embrittlement temperature (lower 
than —7OF) in others. 

The automotive field is one in which 
many new applications have been 
proved out but not yet adopted because 
of uncertain production conditions. 
Firmly established, and in almost uni- 
versal use, are nylon dome-light lenses 
(or diffusion covers), fuse holders, 
and striker blocks, which fit into a 
receptable in the door frame, actin’ 
as a positioning block to ease the bolt 
into the lock. The nylon speedometer 
gear introduced in the 1951 Ford saved 
50 percent in overall production cost 
of the part besides giving improved 
performance. The Hudson uses a 
nylon washer on the floorboard to seal 
the clutch pedal arm and to bear the 
brunt of the friction as the pedal is 
depressed. In the Packard. nylon 
serves as a flexible thrust rod for rais- 
ing and lowering the motor-driven an- 
tenna: both its rigidity and flexibility 
are called into play, for when the an- 
tenna is lowered, the rod coils into a 
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trombone shape. A pair of molded-in 
nylon gears engage a steel worm gear 
to make the mechanism operate quietly. 
Both nylon parts have been subjected 
to 80,000 cycles without indicating 
excessive wear. 

The textile field has devised more 
diverse applications than any other 
industry. Only specialists would be 
familiar with the exact uses of these 
parts, but merely to name them, with 
an indication of their function or 
merit, should be suggestive to the 
designer; roll-end bushings virtually 
eliminate wear and oiling; a parallel 
block requires no lubrication, absorbs 
shock ; bolsters save power and reduce 
or eliminate lubrication; a nylon verge 
plate in a full-fashioned knitting ma- 
chine costs less, requires less resurfac- 
ing; a nylon tension pulley is durable, 
flexible, and resumes its shape after 
distortion; low coefficient of friction 
commends nylon for a condenser 
which groups fibers and presents them 
to frontrolls. 

Nylon’s toughness comes into play 
in a whole series of fastening devices 
—conventional lock nut inserts, nuts 
with holes in them to receive nylon 
plugs to perform the same function, 
self-locking screws dispensing with 
nuts (as developed by the Nylock Cor- 
poration). A threaded die casting 
with the Nylok wedge is said to be in 
the headlights of all General Motors 
vehicles to hold the sealed beam head- 
lights in proper adjustment. Nylok 
screws replacing 20 hold-down cap 
screws in an electrical control box elim- 
inated the need for that many lock 
washers and safety wiring. 

It is not possible to mold nylon to 
the precise dimensions attainable in 
machining steel. The minimum toler- 
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ance is +0.002 inches on a 1 in. di- 
ameter; it is safer to count on a figure 
which all molders can achieve, which 
is +0.005 inches. 

The product cngineer should a 
bear in mind that nylon moldings, lik 
those of other plastic materials, a: 
subject to residual stresses which will 
cause dimensional changes. To be on 
the safe side, he should specify relief 
jf these stresses by heat-treating imme- 
diately after molding. 

Vinyls—The next big developrient 
anticipated in the vinyl resins, is in un 
plasticized rigid polyvinyl chloride 
pipe. It has long been known that this 
type of vinyl is superior in several im- 
portant properties to the elastomeric 
vinyl copolymers. It has a tensile 
strength of 7,000-9,000 psi compared 
to the latter’s 1,400-3,000, and a water 
absorption of 0.07-0.08 percent as 
against 0.4-0.9 percent. It is also much 
more resistant to chemical attack; and 
many chemicals which might not affect 
the elastomeric compounds themselves 
attack their plasticizers. What has 
held back the earlier application of the 
unplasticized rigid vinyl material is 
its more difficult processability. It is 
now being processed in extruders of 
the screw type. 

Because it is highly resistant to 
strong acids and alkalies, relatively 
non-toxic, and less than a fourth the 
weight of steel, rigid polyvinyl chlor- 
ide pipe will serve for plumbing, irri- 
gation and oil well lines, as well as in 
other underground installations and 
above ground applications where its 
corrosion resistance is desirable. 

This material is also available in 
sheet stock for fabrication into small 
and large parts. 

The processability of elastomeric 
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This compact motor starter uses arc resist 


ant alkyd for the switch space and hold 


vinyls is also being steadily improved 
Constant study of the effects of lubr 
cants and plasticizers have resulted in 
new formulations that speed up extru 
sion and molding, lowering the cost 
of the end product. Their beneficial 
properties are abrasive resistance, i 
pact strength, weatherability, flexibilit 
at low temperatures, light stability, oil 
resistance, and non-staining and non 
migrating qualities. 

The principal industrial use of 
Saran, the vinylidene chloride-vinyl 
chloride copolymer, remains chemical 
piping. Molded handles for a line of 
paint spray guns is another applica 
tion of this material notable for its 
chemical resistance, low water absorp- 
tion, dimensional stability and non 
flammability. 

Styrenes—Polystyrene has taken pos- 
session of the housewares field in such 
sensational fashion that its importance 
in other fields has been overlooked. 
Actually, the same percentage of the 
material was used in refrigerators un- 
til the shortage developed early last 
year—about 26 percent; another 20 
percent was accounted for by radio 





television and other electrical compo 
ents, and packaging applications; and 
perhaps another 3 or 4 percent by fix 
tures. Within the past year further 
progress has been made in producing 
formulations of cither straight polysty 
rene or copolymers with higher 
continuous service temperatures and 
higher impact strength. From the 0 
to 0.40 ft. Ib./in. notch on the Izod 
scale of standard polystyrene, the in 
pact strength has been stepped up to « 
much as 5 ft lbs/in. notch, while th 
of the newer formula 
tions is close to 212 F as against 150 
185 F for the standard grades. This 
material, with its excellent dielectric 
properties, low water absorption, high 
chemical resistivity and dimensional 
stability, has, in the improved formu 
lations, also taken on the strength of 
the cellulosics, greatly increasing its 
ill-around value. Hence the strong 
feeling in the plastics industry that th: 
styrenes are due for such greater ex- 
ploitation in industrial applications 
As the refrigerator market hardens 
again, it is expected to continue to 
increase its styrene components, in 
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(Left) The gears of this home 
movie Camera were machined from 
molded nylon blanks. The nylon 
gears run quietly without lubri- 
cation, absorbing the quick starts 
and stops of the camera. 


Du Pont Compan 


(Right) (a) The two halves of 
this large reinforced plastic jet 
engine shipping container are very 
rugged and can be used in combat 
as water tanks or floats. (b) Glass 
reinforced plastic is used for a 
dish washing machine tub. This 
part measures 24x174x17} inches. 


Bassons Industries Corp 


breaker — large panels, evaporator 
doors, baffle trays, inner doors, etc. 
Only recently the largest thermoplas- 
tic piece ever molded, an Admiral re 
frigerator door liner, was produced in 
Dow’s styrene copolymer No. 475 
Molded-in integrally with the body 
(which is 43 in. by 28 in by approxi 
mately 6 in deep) are supports for 
shelves, egg compartments and butter 
storage unit. This molding, weighing 
about 7.4 Ibs, has set in motion 
thoughts for onepiece molding of such 
things as kitchen cabinets, washing 
machine tubs, lavatories and transpar 
ent aircraft enclosures 

In the electronic field, beyond radio 
and TV cabinets, the styrenes have had 
a varicty of applications that promis« 
to grow in both volume and number 
With a loss factor of 25-70 105. 
over a wide frequency range, they havc 
served in microwave relay systems 
Machined pieces are used for printed 
circuits; molded ones for radiosond 
parts. Polystyrene foil makes an excel 
lent roll condenser 

As a storage battery case, polyst: 
rene has the advantages of a specifi 
gravity only slightly higher than that 
of water, a water absorption of 0.03 to 
0.04 percent, resistance to battery 
acids, and dimensional stability under 
operating conditions. Greater use mad 
of it in the remobilization program, in 
cases up to 5 Ibs. may stimulate their 
u in Nndustrial batter 
y nlications 


High-impact styrene is also being 
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extruded for use as industrial and agri 
cultural pipe; the most striking appli 
cation has been in oil-well casing, not 
pipe-lines. While these uses cannot be 
said to have established themselves as 
yet, they bear watching. 

Cellulosics—In molded cellulosics 
there is the choice between cellulose 
acetate, cellulose acetate butyrate, and 
ethyl cellulose. There is an upward 
gradient in certain properties, as well 
as in price, in that order. Because of 
its toughness, low flammability and 
ease of molding and fabrication, ace- 
tate has been used for such purposes 
as radio and automobile knobs, busi- 
ness-machine keys, brush backs and the 
like. Its chief limitations are cold 
flow and susceptibility to dimensional 
change due to heat or water absorp 
tion, especially when it is used in com- 
bination with other materials. Gener- 
ally speaking, those are the limitations 
of all cellulosics 

Butvrate may be called a median ma- 
terial between acetate and ethyl cellu 
lose. Ranging in Izod impact strength 
from 0.7 to 5.4 ft Ibs./in. notch (the 
latter for special formulations), buty- 
rate is superior to acetate in this prop- 
erty at both the lower and upper lim 
its (acetate’s range is from 0.4 to 4.7), 
but inferior to ethyl cellulose, whose 
general purpose grades have a value 
of 2.0 to 7.0. In water absorption, 
butyrate’s 1.4-2.1 percent also stands 
hetween acetate’s 1.9-5.7 and ethyl's 
0.8-1.8 percent. Where the optimum 
value for both of these properties 
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is essential, as in certain vacuum 
cleaner parts, flashlight housings and 
refrigerator breaker strips (the ma 
terial retaining its high impact strength 
at low temperatures), the use of ethyl 
cellulose is indicated. In some mili- 
tary applications also, ethyl’s higher 
cost, about 10¢ more per lb than buty- 
rate, is not a consideration. In turn, 
butyrate costs about 5¢ per lb more 
than acetate, and the designer must 
decide whether acetate’s properties are 
adequate for his purpose or whether 
butyrate is necessary. 

Automobile arm rests have in the 
last few years become a volume appli- 
cation of the material, approaching thc 
poundage used in steering wheels 
Its balanced properties have also 
commended it for use as the base of 
the telephone handset, and when 
color comes to the handset itself 
phenolic will be displaced by either 
acetate or butyrate. Butyrate’s specific 
chemical resistivity to corrosion by salt 
water or earth soaked in crude oil or 
by electrolytic action has opened up 
to it an application that may exceed 
all others in volume—its use as 
pipe in oil fields in place of steel pipe, 
of which thousands of tons are cor 
roded annually. The first butyrate pine 
laid down over two years ago, a line 
to return salt water to the disposal 
well, was 800 ft long, 3 in. I.D., and 
with a 0.125 in. wall thickness 

Polyethylene —Another contender in 
the pipe field is polycthylene, which 
has been used in cold water systems, jet 
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pump installations, water drainage and 
exhaust systems for corrosive vapors 
Its chemical inertness, physical tough- 
ness and light weight all have a bear- 
ing on these uses as they do on the 
material's application in enclosures and 
bottles, where its flexibility is also an 
important factor. If only for its higher 
cost, polyethylene is not apt to 
attain the volume of phenolics in caps 
and closures, but it should be remem- 
bered that its chemical resistance and 
impact strength, combined with its 
elastromeric properties, permit a flexi- 
bility of design not possible in other 
plastics suitable for the purpose. This 
is reflected in more varied decorative 
forms and in unique functional de- 
vices, such as spray orifices, self-hinged 
caps and retractable spouts. 
Polyethylene-coated paper has be- 
come such an important packaging ma- 
terial that, with the important military 
needs still to be satisfied, the plastic iS 
not freely available 
Fluorocarbons—Applications of the 
fluorinated hydrocarbons, Teflon and 
Kel-F continue to increase for compo- 
nents requiring the highest degree of 
chemical resistance combined with very 
high heat resistance. Teflon parts in- 
clude bearings, impellers and pack- 
ings in chemical pumps, gaskets for 
pipe flanges, pumps and reaction ves- 
sel closures, tape for motor insula- 
tion, and sheeting for roll type capaci 
tors for high service temperatures (550 
F and higher). Chemically, the ma 
terial is unaffected by anything except 
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molten alkali metals or fluorine above 
300 F. Kel-F has also been used for 
gaskets and valve parts in chemical 
equipment, and its dielectric properties 
have made it useful in high frequency 
insulation, along with Teflon. As an 
example of the specialized function 
for which these materials can be called 
on, there is the graduated seal on an 
electrical junction box which is com- 
posed of a molded sheet of Teflon on 
one side and copper on the other 
This dissipates any electrical charge 
on the outside, while the Teflon elec- 
trically insulates the inside. 

Some companies now add a filler, 
such as glass, to the pure Teflon to in- 
crease its abrasion resistance for such 
uses as pipe flanges and small electrical 
coil forms. Here, wall sections as thin 
as 0.030 in. are possible 

Acrylic—No strikingly new applica 
tions have cropped up in this familiar 
plastic (Lucite, Plexiglas), but the old 
ones are worth recalling here for th 
properties which they depend on. Hie! 
degree of transparency, dimensional 
stability and weathering resistance led 
to its use as aircraft canopics, outdoor 
signs and automobile trim. Add touch- 
ness, and you have the reason f 
acrylic machine guards and models for 
design and demonstration. Its trans 
parency gives it the property of ede 
lighting, which is used not only for 
decorative purposes but also for in 
spection purposes tn tools and medical 
instruments. Fixtures for display pur 
poses, contact and other lenses, hear 
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car plugs are other divers 
uses of acrylics 

Silicone Not much has been heard 
of molded silicones, with their very 
high heat resistance (with glass fill 
ers), high impact strength and fine 
weathering resistan Aside from 
resins utilized as coatings, laminating 
and insulating varnishes, and lubri 
cants, the most common form is sili- 
cone rubber. With their excellent re- 
sistance to heat aging, their flexibility 
at low temperatures (—76°F), and 
dielectric strength increasing with ris 
ing temperatures, the silicone rubbers 
are being used as gaskets and packing 
materials in contact with oils, hydraulic 
fluids and chemicals, and as insulation 
on motor leads and bushings in 
capacitors 


Thermosetting Resins 


Reinforced plasti are the most 
promising of the thermosetting resins 
An examination of some of the recent 
successful products indicates that a 
combination of simplicity of produc 
tion and desirable propertics led to 
the choice of rcinforced plastic s. Tak 
for example, the shipping container 
for jet engines which Bassons Indus 
tries Corporation is producing for the 
Wright Air Development Center. Cy 
lindrical in form, 12 ft long by 5 ft 
in diameter the container readily 
molded in two halves. With an O-ga 
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ket, these make an airtight fit wher 
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Connecticut Hard Rubber Company 


(Above) Polyvinyl chloride-Hycar rubber blends are used as tool grips 
where oil ristance and good electrical insulation are required. 


(Below) Tension units, tee splices and strain insulators of airplane 
antenna systems are insulated with polyethylene to reduce static inter- 
ference, increase safety from static hazards and cut down maintenance. 


they are bolted together after the en 
gine is cradled. Mass production in 
matched molds, with ribs and other 
reinforcements molded in, makes pos- 
sible a cost comparable with that of 
the former steel shipping containers, 
which weigh three and a half times 
as much and are correspondingly more 
difficult and expensive to handle. 

At the same time the plastic con- 
tainer is moistureproof, fungus-resist- 
ant, electrically non-conductive and 
apable of withstanding heavy shodl 
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Air Force service tests call for such 
rigorous procedures as edgewise and 
cornerwise drops, with the container 
fully loaded for shipment or with an 
equivalent dummy, allowed to fall 
freely successively from heights of 6 
to 36 in. at 6-in. intervals. 

The automobile body shown at this 
year’s National Plastics exposition in 
Philadelphia is another important ex- 
ample of what is being done with 
reinforced plastics on a production 
hasis. Towable target planes, soldiers’ 
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armor and helmets with visors, roofing 
and partition panels with a high degree 
of transparency, boat hulls, pipe for 
plant and underground use, washing 
machine liners, simulated shingles and 
tote-boxes are among the other new 
developments. 

A prime factor in the economics of 
this plastic is that its mold cost is 
low. Generally speaking, reinforced 
plastics molding is to be considered for 
the production of fairly large articles 
in moderate quantities; articles of 
moderate size with compound curves; 
articles in which the strength-weight 
ratio is dominant (as in ducts and air- 
craft wing-tips) ; large parts where di- 
electric efficiency is important (as in 
radomes) ; parts which require a fin- 
ish on only one surface (as a drawer 
or card-table top). Contrariwise, re- 
inforced plastics are not suitable for 
parts in which the volume of produc- 
tion is sufficient to justify the expense 
of precision stamping dies, such as auto 
fenders and hoods, or where the article 
is simple enough in shape to lend it- 
self to fabrication on standard ma- 
chines, or small enough to lend itself 
to high-speed production by com- 
pressing molding. However, rein- 
forced plastics can also make use of 
matched dies economically in many 
cases. 

Alkyds—The polyester molding 
compounds introduced by Plaskon a 
few years ago, with mineral fillers, 
have advantages of high heat resistance 
(350-400 F), high electrical arc re- 
sistance (over 190 sec), and excellent 
dimensional stability, together with 
extremely fast molding cycles on inex- 
pensive presses that make for low 
unit cost. Principal uses to date in- 
clude television tuners and tube bases, 
capacitors, electrical connectors and 
switchgear parts. The chief drawback 
of the first formulations of the mate- 
rial was low impact strength, but new 
glass-filled formulations have over- 
come this limitation. These polyester 
resins can be molded easily around 
delicate inserts because of their plas- 
ticity and molded parts do not undergo 
aftershrinkage. 

Phenolics—The old work-horse of 
the plastics industry shows no signs 
of flagging. Many new forms are 
available. Durez not long ago an- 
nounced its electrically conductive 
phenolics—molding compounds that 
lend themselves to the simple produc- 
tion of chrome-plated parts. The 


molded plastic need only be rough- 
ened by sand—or vanor-blasted to be 
ready for electro-plating. Normally, 
on any type of plastic, a preliminary 
copper or silver film must be de- 
posited on the roughened surface to 
receive the final desired coating. The 
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Durez materials are intended for 
products which can replace chrom: 
plate die-castings. 

The rubber-phenolics blends, with 
their characteristic resilience making 
tor high impact strength, introduced 
by General Electric's Chemical Dept. 
So far, most of their applications arc 
said to have been for products which, 
for one reason or another, no grade 
of standard phenolic was quite right. 
Thus, a woodflour-filled rubber-pheno- 
lics composition took the place of a 
flock-filled straight phenolic in the 
terminal blocks of certain Interna- 
tional Business Machines equipment, 
when cracks developed during as- 
sembly operations as metal contacts 
were press-fitted into the molded part 
and crimped into position. Worse 
cracking occurred when the tapered 
plugs on the connector wires were in 
serted into the contacts. With the 
blended plastic, there is also less 
cracking around large inserts when 
the molding cools. 

A new Durez nubber-phenolic has 
a low modulus of elasticity so that 
products in thin sections can be 
molded around inserts. Impact 
strength is 50 percent higher than 
general purpose type. This material 
is not recommended for continuous 
service above 250 F. 

Although these compounds will find 
more such replacement uses, there is 
also a growing trend to utilize them 
in parts especially designed to take 
advantage of their high shock resist- 
ance. In most of the applications 
where the blended plastic replaced the 
conventional phenolic, the old molds 
were used, and satisfactorily. But 
when a part is designed fresh, thinner 
wall sections and less reinforcement 
can be allowed for, reducing the cost 

Markets for this material are looked 
for in the textile equipment field. An- 
other outlet is as a replacement for 
scarce metal parts. An application 
already in use is the silverware con- 
tainer in G-E’s automatic dishwashing 
machine, in which the rubber-phenolic 
replaces brass screening. Another is 
the cylinder shield and handle of the 
portable tree saw manufactured by 
Precision Equipment Company, in 
which it replaces a cast magnesium 
alloy. A good opportunity is likewise 
seen for components in the automotive 
industry, in place of die castings. In the 
electrical industry the potentialities 
are indicated by an actual application 
to a bus bar insulation in which the 
ratio of copper to plastics is two to 
one. This points the way to the mate- 
rial’s use in products where large in- 
serts must be insulated and where suf- 
ficient heat is generated to crack a 
standard phenolic because of different 
OCTOBER. 
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cotüucnt vi expansion. The rubber 
bicnd, because ot its resiliency, can 
withstand such stresses. 

Aside from the radically new 
phenolics, the standard grades are be 
ing improved, with faster cure, shorter 
molding cycles and longer flow char 
acteristics (especially necessary for 
large parts), which make possible more 
economical use ot compression and 
transfer presses. These formulations 
are for both old and new applications 
in housings, handles, bodies, closures 
and such electrical parts as switches 
relays and special pe wiring dt 
vices. In a recent model of a vacuum 
cleaner, the motor’s carbon brush 
holders were molded of phenolic 
around brass sleeves, demonstrating 
their resistance to the high heat gen- 
erated when the cleaner was steadily 
used. Phenolics are also expected to 
make up a sizable number of the 
growing list of plastics components 
in electronic equipment (aside from 
the still valuable radio and television 
cabinet uses) where impact strength, 
thermal stability and low cost are re- 
quired. The laminates, with their ex- 
cellent punching properties, will play 
their part here, too. 

Of almost revolutionary significance 
in the foundry field is the phenolic 
resin-sand shell molds which Mon- 
santo and Bakelite are intensively de- 
veloping. While this is a matter 
of processing, the product engineer 
should be aware of it as a source of 
hetter quality castings with lower 
finishing costs. 

Much interest is being shown in a 
recently developed application because 
it is being sponsored directly by a 
materials manufacturer—cabinets de- 
veloped by Bakelite from its own 
molds. Like sectional bookcases, these 
consist of top, base and variable num- 
her of drawers, all bound together by 
a steel thru-rod. All the parts are of 
sturdy construction, the d-awers weigh- 
ing 24 pounds. 

Melamine and Urea Resins—Al- 
though the applications of these two 
major amino plastics are likely to con- 
tinue within the same well-defined 
areas in which they have figured for 
some years, the fact that the production 
of ureaformaldehyde was moderately 
increased last year and of melamine- 
formaldehyde substantially increased, 
without meeting the demand, is an in- 
dication of their growing usefulness. 
The greater share of melamine molding 
compounds goes into tableware with 
electrical applications holding the next 
important place. The mineral-filled 
grades, with their very high arc re- 
sistance, heat resistance and dielectric 
strength at both normal and elevated 
temperatures, have been extensively 
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used in military aircratt ignition 


Art 
and to some extent in civilian siscraft 
Several hundred thousand pounds ot 
plastics are said to be taken up each 
month for connector plugs in military 
electrical apparatus, made of mela 
mines, as well as alkyds, polyesters 
and mica-filled phenolics. Eor com 
mercial switch-gear equipment, wood 
flour-filled compounds are being used 
for watthour meter terminal blocks, 
automotive ignition components, tele 
vision tube supports, connector plugs 
ind insulation requiring high arc re 
sistance 

It is often overlooked, however, 
that the melamines also have the high 
est resistance to arc tracking of any ot 
the plastics, and that this property 
in some applications of greater sig 
nificance than arc resistance. The point 
is that, in the arc tracking tests, volt- 
age is m continually, while in 
the standard A.S.T.M. test, an inter- 
mittent voltage is applied, at least for 
the first three minutes Therefore 
some materials which show up wel 
under this test prove to be unsatisfac 
tory in use when the potential is ap 
plied steadily. At the I.T.E. Circuit 
Breaker Co., Philadelphia, the ar 
tracking test employed is more nearly 
like the dielectric strength test, under 
constant potential, than the standard 
arc resistance test. The urea resins also 
have a high resistance to arc track 
ing, but they enjoy a rather restricted 
use in this field because they will not 
stand up under top temperatures in 
normal switchgear operation 

The principal use of the ureas is in 
adhesives for wood. As molding com- 
pounds, they have proved their value 
for closures, housings, wiring devices, 
stove and cabinet hardware and, to a 
lesser extent, radio cabinets. Nor- 
mally, because of the material’s excel- 
lent resistance to oils, greases and 
organic acids, its hard scratch-resistance 
surface, and richness of color and 
whites, it has played an important role 
in closures, though not nearly ap- 
proximating the volume of the lower- 
cost phenolics. In the past year, ureas 
took the place of phenolics in this ap- 
lication when the latter was in short 
supply. Yet there is a strongly held 
view that they will not altogether 
yield their position to the returning 
phenolics. Because of reduced cost 
differential between phenolic and urea 
closures arising chiefly from more up- 
to-date cost accounting by closure 
molders, there is a distinct trend to- 
ward more urea closures with their 
color advantages. Even in such utili 
tarian applications as electrical plugs 


and switches fine urea whites are a 
significant factor for household pur 
poses at least. 
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Coatings 


ore About 


Ceramic 


In November of last year, Product Engineering presented an article describing the ce- 
ramic coatings being used by the South Wind Division of Stewart-Warner Corp. for air- 
craft heat exchangers. Additional property information on those coatings plus data on 
newer types for high temperature alloys, ceramals, molybdenum, and resistance wire 
strain gages were obtained, much of it in an interview with William N. Harrison and 
Dwight G. Moore, who, at the National Bureau of Standards, developed many of the 
formulations now in production. Both NBS and proprietary coatings are discussed. 


THE USE OF CERAMIC COATINGS to 
protect metals 
temperatures and extremely corrosive 


Of crating « ond 


sul jected to elevated 


itions accomplishes on 


of two results: it prolongs the life of 
materials containing a large amount ot 
strategic alloys, or it provides equiva- 
lent life for materials 


smaller amounts of alloys 


containing 
Outstand 
ing features of such coatings are (1) 
high resistance to chipping under re- 
peated and severe thermal shock; (2) 
protection against oxidation in air and 
corrosive atmospheres at temperatures 
as high as 2,200 F; (3) freedom 
from the cracking and blistering pro 
duced in conventional porcelain under 
comparable operating conditions; and 
(4) a mat surface (when desired) 
that does not show highlights and 


therefore decreases visibility impor 
tant for military equipment 


= 


Originally developed for collector 
rings and other components in aircraft 
exhaust systems, Fig. 1, ceramic coat- 
ings are being applied to muffles, 
dampers, and burners in industrial 
furnaces; heat baffles for enameling 
furnaces; heat exchangers; annealing 
boxes; muffles and exhaust pipes for 
trucks, automobiles, and tractors; and 
for other products operating under 
similar conditions. 


General Characteristics 


Ordinarily, metals exposed to ele- 
vated temperatures are protected by 
an oxide film that is impervious to the 
penetration of oxygen. Although 
thin, such films are self-healing and 
provide excellent protection below 
critical temperature limits provided 
that the part is uséd in an oxidizing 
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atmosphere. If exposed to alternating 
oxidizing and reducing atmospheres or 
to certain corrosive atmospheres, such 
films lose their integrity and expos 
the base metal to deterioration, Fig. 2. 
It was to overcome these limitations 
and the limitations of existing finishes 
that ceramic coatings were developed 

One of the salient differences be- 
tween ceramic coatings and conven- 
tional porcelain enamels is that the 
former have a much higher resistance 
to flow at elevated temperatures. They 
are also more refractory and maintain 
adherence over longer periods of oper- 
ation and are designed to protect metals 
and alloys from atmospheric corro- 
sion at or above red heat. 

As a matter of fact, there is not 
much point in using ceramic coatings 
below red heat. Porcelain enamel 
usually will do the job equally as well 
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I. No Treatment 


Fig. 2 


I. No Treatment 


at lower temperatures. Thus ceramic 
oatings have maximum usefulness at 
temperatures from around 1,050 up 
to 2,000 or 2,200 F. 

Actual Temperature Limits. Actual 
temperature limits depend not only 
on the composition of the coatings but 
also on the composition of the base 
metal. The base metal must operate 
below the temperature range at which 
reep or rupture might cause fracture. 
For example, the combination of NBS 
oating A-19 on low carbon steel 
would be limited to a maximum oper- 
iting temperature of about 1,250 F 
tor long time service at high stress. 

Temperature limitations are strongly 
nfluenced by the stress conditions 
inder which the alloy is being used. 
The stresses in the base of a turbine 
lade revolving at 12,000 or 15,000 
rpm on a fairly large radius wheel, 


2 Lead Bromide 


Uncoated 


3. Sulfur 


are extremely high, but in a piece of 
sheet metal that merely contains a 
parallel flow of gas the stress normally 
is low. Any statement that a specific 
coating or alloy is good up to a given 
temperature is obviously subject to 
qualification as to operating stress, 
type of atmosphere, and duration of 
service. 

There seems to be considerable con- 
fusion throughout the industry when- 
ever engineers start talking tempera- 
ture. While the gas temperature 
within a given piece of equipment such 
as a jet engine might well be 3,000 F 
or higher, the temperature of a par- 
ticular component, especially one only 
partially pe See in the gas stream, 
may be only 1,400 to 1,500 F, and 
under conditions probably 
would not exceed 2,200 to 2,300 F 


severe 


In other words, a ceramic coated part 
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4. Carbon 


Fig. 1—These_ rolled spot- 
welded cylinders were alter- 
nately heated for 45 minutes at 
1,800 to 1,900 F and air 
cooled for 15 min over a 16 he. 
period. The part on the left is 
uncoated Type 321 stainless; 
the part at right is the same 
material coated. When sub- 
jected to a test of this sort, the 
protected Type 321 stainless 
remains unchanged after 200 
hr exposure, while the unpro- 
tected type loses about 18 per- 
cent by weight. 

Solar Aircraft Co 


Fig. 2—Corrosive gases are re- 
sisted by ceramic coatings. 
Lead bromide, sulfur, and car- 
bon gases cause serious deteri- 
oration of uncoated Type 321 
stainless (top). Coated stain- 
less (bottom) is unaffected. 
Special coatings are also avail- 
able when certain qualities are 
required that cannot be ob- 
tained in the base coat. Excep- 
tional gall or abrasion resist- 
ance can be obtained for exam- 
ple, by applying a second coat 
over the base coat. 


peratures because of the large flow of 
heat from the extremities to the cooler 
regions of the part. 

Coverage. The porosity and cover 
age of a coating are extremely impor 


might well withstand high gas ten 


tant, since its ability to prevent the 
atmosphere from reaching base metal 
is its prime function. Some porosity ts 
desirable when a coating is applied 
to ordinary steel, since on being heated 
to approximately 1,100 F, the metal 
gives off a gas that must be liberated 
through the coating. While ther 
probably is a minute amount of oxi 
dization that does occur as a result of 
this porosity, the pores gradually fill 
up with oxide which itself has some 
porosity, and the amount of metal oxi 
dization is limited and insignificant 
Resistance to Thermal Shock 
Another property of coatings that is 
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Table I—Composition and Application Data for Basic NBS Coatings 








Composition 
Parts by weight in — 
Ingredient Ss 
A-19H (2) A-417 A-520 

| eee 100.0 — = 
Frit 331 —— 70.0 90.0 
Chromic oxide 7: =: 30.0 — 
Cupric oxide..... ‘es — mine 10.0 
Black cobalt oxide. . 1.0 — ammo 
Calcined alumina’... 25.0 — —— 
Enameling clay . 10.0 5.0 6.0 
Citric acid.... .05 — — 
Sodium nitrite ——- -— .025 
Water.. 50.0 48.0 45.0 


1. Obtained from Aluminum Ore Co., East St. Louis, Ill., A-1 grade. 
2. Differs from regular A-19 in that none of the softer frit (no. 1) is used. See Research 
Paper RP1773 of the Journ. of Research of the Nat'l Bur. of Stds. for composition 


of the regular A-19. 


Application 


Specifications 


—— 


Milling fineness ! 


1.0 


Specific gravity of slip for dipping 1.60-1.62 
Recommended fired thickness, mils. . 2-3 
Firing temperature, F.... 1650 


Coating 


0.4 


1.78-1.82 
1.5-2.5 


1850 


1. Grams on a No, 200 U. S. Standard Sieve using a 50-ml sample of slip. 


A-417 





A-520 


0.3 
1.85-1.60 
1.9-2.5 
1750 


Table Il—Resistance of NBS Coatings to Carbon Penetration 


AISI Type 304 


AISI Type 321 
















Carbur- Con- Con- 
izing Case dition Case dition Case 
Coating |tempera-; depth of depth of depth 
ture (in.) | coating | (in.) | coating (in.) 
F (2) (3) (2) (3) (2) 
None 1,350 0 0 — 0 
A-19. 0 Cc 0 Cc 0 
A-417 0 I 0 I 0 
A-520 0 M,S 0 M,S 0 
None 1,500 0.020* — 0.003 n 0.003 
A-19. 0 Cc 0 Cc 0 
A-417 0.015 B,S 0 B,S 0.0035 
A-520 0.015 M,W | 0 M, S, 0.001 
None 1,650 0.030 | —— 0.004 — 0.007 
A-19. 0 I 0 Cc 0 
A-417 0 I 0 I 0 
A-520 0.015 Ww 0.001 w 0 


. All specimens carburized for 4 hr at temperature. 





AISI Type 347 


Con- 
dition 
of 
coating 


1 
2. Represents average depth to which alloy showed carbide precipitation at grain 


boundaries. 
3. Letter symbols denote following coating conditions: 
coating bi 
metallic copper at coating surface 


gvogu~ 


wrinkled appearance of coating surface 


coating intact; no major change in appearance 
istered 


cracks in coating but not extending to alloy surface 
coating spalled but did not expose alloy surface 


4. Carbide precipitation oceyrred throughout structure of AISI Type 304 alloy at 1500 


and 1,650 F but wes more intense near surface. 


Because of gradual change in 
—— ee of precipitation inward from surface, case depth is rough approximation only. 





extremely important is resistance t 
thermal shock, especially when the p-r 
is heated or cooled rapidly. It is essen- 
tial that the adherence be sufficiently 
strong to withstand the stress induc d 
and still maintain its integrity. As a 
matter of fact, the principal reasons 
why the thickness of the coating 
limited are that a thin film (1) has 
more resistance to thermal shock; (.) 
is less subject to spontaneous spalling 
and (3) adds less to the weight of 
the part. And of course, if a thin 
coating is sufficiently impervious to 
keep the atmosphere from the alloy 
there is really no reason to apply 
heavy coat. 


Methods of Application 


The first step prior to application oi 
a coating, is preparation ot the surface 
A ceramic coating cannot be applied 
to a smooth alloy surface. The ordi 
nary finish that results from either 
cold or hot rolling is not conducive to 
maximum adherence. 

Usually a sand-blasting or a pickling 
technique is specified to roughen uj 
the surface. In some cases, it is even 
necessary to use both pickling and sand 
blasting—mainly because sand blast 
ing is unsatisfactory for inaccessib| 
areas. The pickling treatment is usu 
ally applied first. 

The method that is commonly used 
to apply the coating is dipping. The 
coating material, which is made in th« 
form of a water suspension or slip is 
adjusted for the right specific gravity 
and consistency, so that after being 
applied to the surface it will drain to 
the desired thickness. 

Spraying of coatings is limited be 
cause most of the parts that are being 
coated today must be covered on the 
inside as well as the out—and it re 
quires special spray equipment to reach 
the inside surfaces of many products 
Also, dipping is a cheaper, more eco- 
nomical method of application. 

After drying (Fig. 3) the coating 
is fired (Fig. 4) usually in air, at 
temperatures ranging from 1,600 to 
1,900 F depending on its composition. 
For highly refractory coatings, a con- 
trolled atmosphere with a reduced oxy- 
gen content are necessary to obtain 
adequate adhesion on a mill steel base 
Also, a complete absence of oxygen 
is necessary when firing a coating on 
molybdenum: in this case, either a hy 
drogen, argon, or helium atmospher 
is used. 

General rules reported by the South 
Wind Division of Stewart-Warner 
Corporation for coating ceramic ma 
terials on metals indicate that careful! 
process control is essential. For ex 
ample, pigmented lubricants cannot b 
Ocroper, 195 
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plied to the metal during pressing 
d forming operations (before coat- 
g) because no method of cleaning 
ill remove the pigment completely, 
id burnoff heat will melt the pig- 
ent into the metal surtace 
cferes with adhesion. 
Spectrographic analysis of scale re- 
oved from heat-treated parts almost 
lways shows traces of boron and 
ulfur, which would cause rapid scal- 
ng of the metal at firing temperatures. 
(hus, the coating could not be fired 
with acceptable results if any scale 
vere present on the parent-metal. An 
lectric furnace, with inert atmosphere 
equipment available for optional use, 
is desirable both for heat-treating the 
metal after forming, and for firing the 
ceramic after it has been applied. 

Ceramics can be applied over welds, 
but the welding flux should not con- 
tain fluorides, for the coating will not 
adhere readily to fluoride-treated metal. 

Washing or degreasing metal parts 
before coating is not necessary if pre- 
liminary stress-relieving and sandblast- 
ing have been used to remove foreign 
matter from the surfaces. Part handling 
after sandblasting should be mechan- 
ical, because even a fingerprint will 
leave enough oil on the work surface 
to prevent coat adhesion. 

There are five steps in applying a 
ceramic coating. Stresses are relieved 
in a continuous conveyor furnace. 
Low-alloy and cold-rolled steel are 
held at 1,200 F for around 2 min. 
High-temperature alloys are held at 
1,500 to 1,800 F for 5 min. This 
burns off grease and dirt, and oxi- 
dizes the surfaces. 

Next, a course sand is blasted onto 


This in 


the parts. Metal shot or grit are not 
applicable because they may contami 
nate the parts.’ Cold-rolled parts may 
be acid-pickled instead. Either proc- 
ess cleans and roughens the surtacc 
which improves holding qualities 

The coating is applied by dipping or 
spraying, depending on the character 
of the metal surfaces. Sometimes spe 
cial fixtures are necessary to insure full 
coverage at the exact thickness re 
quired. 

The fourth step is drying the slip in 
heated air, then wiping off any sur 
faces or edges that are to be left un 
coated or are later to be machined 
or welded. 

The last operation described by 
Stewart-Warner is firing in an electri 
cal box furnace. Firing temperatures 
have been established for the different 
coating materials. Length of time in 
the furnace, after firing temperature is 
attained, depends on the thickness of 
the coat, configuration of the parts, 
and size of the load. For a load of 
150 Ib, total furnace time might run 
as high as 30 min. 

If the coating is not adequate, som 
coatings can be patched and refired 
If no repairs can be made, stripping 
is done by immersing the part in hy- 
drocloric acid for six to eight hrs, 
then sandblasting. The part is heated 
to about 1,500 F to stop acid action 


and is sandblasted again 


National Bureau of Standards 
Coatings 
Several types of coatings have been 
developed, some by government labora 


tories and others in the research divi 
sions of industrial concerns. The first 


laboratory 


ment of special high temperature coat 


d Vclop 
ings tor an 

National Bureau 
1943) N 


Since | > the work that 


pon nts was tl 


Standards (] 


f ported here on these coatings 
National 


or Aeronautics 


been sponsored by the 


visory Committee 
Three of the NBS compositions cur 
rently are being used on a production 
basis: A-19, A-417, and A-418. An 
other, I 
country and abroad to fasten strait 
gages to parts at elevated tempera 
tures. Molybdenum coatings also at 
in limited use, as are coatings fo 


ceramals or ceramets 


1. Coating A-19 was developed by 
NBS specifically for application on 
low carbon steels, and since then has 
been extended in use to austenitic 
stainless steels, Inconel, and Multimet 
N-155. As indicated in Table l, it 
usually is applied as a single coat fin 
ish thicknesses ranging trom 2 to 
3 mils; experience has shown that 
application in as heavy a coatin 
as the 


conventional ground coat 
enamels causes spontaneous chipping 
Although A-19 has a higher coeth- 
cient of thermal expansion than some 
porcelain enamels—10x2x10® in. per 
in. per deg C—it may nevertheless 
be under greater stress after being 
fired and cooled to room temperaturi 
because of its higher melting tempera 
ture. 

The firing temperature of this coat 
ing is 1,600 F. It cannot be subject 
to high velocity gas impingement 
substantially higher temperatures for 
prolonged periods of time without 


deterioration. At lower temperatures, 


Fig. 3—(Left) Coated parts are dried in infra-red ovens after being covered with a ceramic coating. Careful handling is required at 


this point since ceramic coatings have no strength until fired at high temperature. Fig. 4—(Right) Turbosupercharger nozzle boxes 
coated with a high temperature ceramic being removed from furnace after firing. 
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Table I1I—Batch Compositions for NBS 
Chromium-Frit-Type Base Coats 


Composition 
Chro- 
Coating mium Frit Clay? Water | NaNO:t | Cello- 
powder! 331? solve 
M-37.... 100 - 5 50 0.04 
M-38.... 90 10 5 -e 0.04 sm 
M-39.... 80 20 5 52.5 0.04 — 
M-40.... 70 30 5 52.5 0.04 — 
M-41: j 100 — — — c- 35 
1. Electrolytic grade, minus 200 mesh powder. 
2. See Table II for composition of frit 331. 
3. Florida kaolin. 
4. Added to give suitable consistency to slip. 
5. Mixed in beaker using manual stirring. 


Table 1V—Flame Resistance of NBS Chromium-Frit-Type Coatings 


Chromium in 


Specimens 


No. of specimens failed 
after 1-hr heating? 
Tested — p1. 
At 2,600 F | At 2,800 F 





Coating! Base Coat, 
(percent by weight) 
M-41.... 100 
DEBT... 95 
M-38... 86 
M-39 76 
M-40 67 
M-41-13 100 
M-37-13 95 
M-38-13 86 
M-39-13 76 
M-40-13 67 


LADD H HHP 
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1. Number 13 following coating identification indicates that seal coat M-13 was 
applied over the chromium-frit-type base coat. Base coats were fired at 2,600 F in dry 
hydrogen using a molybdenum susceptor while seal coats were fired under same condi- 


tions except at 2,400 F 


2 Visible oxidation of molybdenum at any point on specimen was considered coating 
failure. Each specimen was tested first at 2600 F and if no failure occurred in 1-hr 
test period, specimen was retested at 2800 F. If failure occurred at 2600 F, no test 


was made at 2,800 F 





life depends upon thickness, composi- 
tion of the base metal, nature of the 
corrosive gases present, and the shap 
of the part. 

Although the softening temperature 
of A-19 is approximately 1,100 F as 
measured by an interferometer, it re- 
mains sufficiently hard so that objects 
placed in close proximity will not stick 
to it. However, it tends to flow off 
surfaces exposed to high velocity, and 
high temperature (1,700 F or above) 
gases. It must be applied to a com- 
pleted product after forming and fab- 
rication. 

2. NBS coatings A-417 and A-418 
are used exclusively on high tempera- 
ture alloys such as Inconel, Multimet 
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N-155, AISI Types 347 and 371 stain- 
less steel, Haynes-Stellite alloys such 
as HS21 and others. 

As with A-19, these coatings consist 
of a glass frit and a refractory admix- 
ture—in this case chromic oxide. One 
of the primary reasons for using 
chromic oxide is, of course, its good 
refractory properties. It is stable, does 
not readily change its valence value, 
and when applied to high chromium- 
containing alloys, helps to form a layer 
on the metal that is impervious to the 
penetration of oxygen. Most coatings 
in production today either have alumi- 
num oxide or chromium oxide admix- 
tures, and sometimes both. 

The essential difference between 
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A-417 and A-418 is that the latter 
does not contain beryllium oxide, and 
therefore eliminates the danger of 
toxicity. Although coating A-417 con 
tains 24 percent of beryllium oxide 
in the glassy phase, and something 
under 2 percent in the a as a 
whole, it has been used in production 
for two years or more with no deleteri- 
ous effect. There would be little rea- 
son to expect toxicity, but there are 
regulations, laws, and psychological 
objections against using any beryllium 
oxide whatsoever. It was largely to 
satisfy these objections that A-417 
coating was modified. 


Both of these coatings can be oper- 
ated at temperatures 200 to 300 F 
higher than firing temperature. They 
are somewhat more difficult to apply 
than A-19, but are less brittle. (sec 
PRODUCT ENGINEERING, Nov., 1951). 
Resistance to carbon penetration is 


indicated in Table II. 


A-417 has been applied to several 
thousand gas-to-air heat exchangers for 
aircraft de-icing systems. It is possible, 
as indicated by field results, to extend 
the life of the Inconel parts as much 
as 100 percent. This material has a 
high thermal-shock resistance, allow- 
ing a coated part to be heated to 
incandescence and quenched in water 
without ruining the ceramic. Slight 
bending or flexing does not cause 
chipping or separation. 


One typical use for A-417 is on 
exhaust stacks and collector rings on 
internal combustion engines for air- 
craft. The coating is applied to the 
rings both inside and out. Results 
have been excellent to date. 

3. In an attempt to improve ease 
of application, coating A-417 was 
again modified by utilizing 10 percent 
copper oxide and 90 percent frit to 
produce A-520. This formulation is 
intended for use with austenitic stain- 
less steels having a high coefficient of 
thermal expansion. Being not as re- 
fractory as A-417, however, it has not 
yet been used in commercial produc- 
tion. 

4. In the case of coatings for molyb 
denum, one type that shows great 
promise is a chrome-frit coating, Table 
III, which contains both a glass phase 
and a metal phase. The glass phase 
vitrifies and seals the surface, devel- 
oping adherence during firing. The 
chromic oxide-aluminum oxide admix- 
ture increases the refractoriness and 
also the imperviousness. 


Normal life for molybdenum coated 
components is very short—on the or- 
der of one hour, Table IV; at lower 
temperatures (1,600 to 1,800 F) and 
low levels of stress, the life is much 
longer, Fig. 5. Molybdenum pitot 
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Fig. 5—(Left) How loading affects deterioration of molybdenum specimens dipped with NBS coating M-39-13. Test tem- 
perature was 1,650 F. Fig. G—(Right) Uncoated (A) and coated (B) molybdenum pitot tubes for instruments. Uncoated 
specimen oxidized rapidly; coated tube (C) withstood 45 min. of operation in the blast of a ram jet engine at 3,000 F. 
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Table V—Composition of Ceramic Coating for Ceramals* X 
Electrolytic chromium powder (—100 mesh), grams... 800 Ni 
Frit 331 (—100 mesh), grams 200 ~ 
Florida kaolin, grams. eae ad 50 
Sodium pyrophosphate, Na,P,O; (saturated), ml. . 7 7>, 
Sodium nitrite, NaNO, (saturated), ml... 4.5 <=: 
e Aa a S 
* National Bureau of Standards Coating A-479M > ` 
Qi 7 
Batch Composition of Frit 331 Computed Oxide Composition of Frit 331 = 
Constituent Parts by weight Oxide \Percent by weight Ls | 
ume (oronm Giemide). . 0... ccc cee 38.00 Silicon dioxide... . 38.0 g 
Barium carbonate............. en 56.63 Barium trioxide. .... ‘ 6.5 > 
ee aaa 11.50 Barium oxide...... 44.0 
Calcium carbonate................ | 7.14 Calcium oxide.. .... 4.0 © 
Beryllium oxide.................. | 2.50 Zine oxide......... eae 5.0 Gq 
MN Sika ch cs evccess Se arabia 5.00 Beryllium oxide... .. ere er 2.5 La 
abani apimi ~ 
120.77 100.0 = 
=< 
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tubes for instruments, shown in Fig. 6 
were coated with NBS material and 
have withstood a gas temperature of 
3,000 F for one hour, which was suffi- 
ciently long to obtain necessary test 
readings but far short of even mini- 
mum requirements for aircraft struc- 
tural components, although an im- 
proved chromium frit casting has been 


developed by NBS. 


Results have demonstrated that 
short-time protection of molybdenum 
in oxidizing atmospheres at gas tem- 
peratures up to 3,500 F is possible. 
Even such limited duration of protec- 
tion meets certain current service re- 
quirements for other expendable items. 
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The following conclusions are be- 
lieved justified from the study of 
chromium-type coatings for the pro- 
tection of molybdenum: 

e Frit, when used in conjunction 
with the chromium, gives coatings with 
considerably better durability than 
similar coatings containing no glass. 

e Optimum protection at 2,800 F 
is obtained when the glass is diffused 
into the previously fired glass-free 
chromium coating structure through 
application of a seal coat. 

e The resistance of the chromium- 
type coatings to cracking by thermal 
strain, or by rapid creep, is not par 
ticularly good but, because of excellent 


adherence and the tendency of th 
glassy phase to re seal the fissures 
cracking of the coating does not caus« 
rapid failure but rather a weakening 
in the structure from which failur 
might begin. 

è At 2,800 F and with no loading, 
the most durable coating protects 
molybdenum for about a maximum of 
74 hours. 

e The maximum metal temperature 
at which chromium-frit coatings re 
main intact without flow in a high 
velocity gas stream from an oxyacety- 
lene torch is approximately 3,000 
Fahrenheit. 


èe Maximum life achieved from 
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coated specimens under load in an air 
atmosphere is on the order of 917 hr 
at 1,500 F (0.6-percent creep), 2,210 
hr at 1,650 F (1.7-percent creep), and 
3,27) hr at 1,800 F (1.2-percent 
creep). At any one test temperature 
higher creep rates resulted in shorter 
coating lite. 

e The chromium-frit-type coatings 
show possibilities for practical use 
where long-time protection is nones- 
sential at elevated temperatures (2,000 
to 3,000 F metal temperature), or 
where the loading is such that creep 
rates will be moderate at temperatures 
in the range of 1,500 to 1,800 Fahren- 
heit. 

5. Stll another type of coating has 
been researched by NBS, this one for 
ceramals such as cobalt-bonded titan- 
ium carbide. Since many of these 
metal-ceramic combinations having 
good physical and mechanical pe r- 
ties may not have sufficient oxidization 
resistance, the function of the coating 
is to protect them at elevated tempera- 
tures. 

A metal-ceramic coating was devel- 
oped specifically for K-138, a Kenna- 
metal alloy containing 80 percent 
titanium carbide and 20 percent co- 
balt. This formulation, designated as 
A-479M, contains 80 percent by 
weight of chromium powder and 20 
percent by weight of an alkali free 
frit, Table V. Chromium powder was 
sclected for the metallic admixture be- 
cause of (1) its high resistance to 
oxidization: (2) its thermal expansion, 


, 


Table VI—Effect of Coating on Oxidation of Ceramals' 


Condition after 200-hr heating 








; in air at 1,800 F 0040 
Coating Coating l 7 
thick., in.| Loss in p 
, , z S . . a z 
hick., ia. urface appearance 0.035 
A-479M 0.0062 0.0009 | Smooth surface, dark 
(one coat) green color, some 0.030 
oxidation of K-138 
at support hole c 
A-479M 0.0087 | 0.0003 | Smooth surface, dark á 0025 
(two coats) green color, no evidence % 
of oxidation of K-138, x 
slight chipping of second ‘g 0.020 
coat at edges c 
Uncoated | 0 0.0365 | Moderately rough surface, ® 0015 
dark gray color, some s 


chipping and cracking 
of oxide layer, evidence 0010 
of severe oxidation 


i1Determined after removal of oxide or coating layer by light sandblast. 


We 


which closely matches that of K-138; 
and (3) its inherent hardness and re- 
sistance to abrasion. The frit or glass 
phase was considered desirable to give 
a coating that was less permeable to 
air and also to retard oxidization of 
the chromium particles. 

This coating is prepared as a slip 
with clay as the floating agent, and 1s 
applied either by dipping or spraying 
Aiter drying, the coating is bonded to 
the ceramal by firing at 2,200 F for 
10 min in a hydrogen atmosphere. 

The fired coating is hard, smooth, 
and adherent. Microscopic examina- 
tion of sections cut at right angles to 
the interface show the presence of a 
chromium-rich bond layer with numer 
ous metal particles of the coating 
welded to the layer and to each other. 

Oxidation tests in air for 200 hr 
at 1,800 F made with both coated 
and uncoated specimens showed that 
the effective thickness of an uncoated 
specimen decreased 0.0365 in. because 
of formation of oxide, while the 
coated specimen showed no significant 
decrease. (See Table VI and Fig. 7.) 
A thermal shock test made after the 
200-hour oxidation test indicated that 
the coating was equally as resistant as 
the ceramal to thermal shock failure. 

A deformation test, made on a bar- 
type specimen pressed from the coatin” 
material, showed that deformation of 
1.3 percent was possible without crack- 
ing at a temperature of 1,500 F. thus 
indicating that the coating could be 
expected to creep with a ceramal tur- 


bine blade when operated at tempera- 
tures of 1,500 F. or above. 

6. Finally, a base coating or attach 
ing strain gages under severe tempera- 
ture conditions, designated L6AC, is of 
considerable importance. Such gages 
are normally attached with a ceramic 
type cement which is baked on at a 
temperature of about 600 F. Unfortu- 
nately, this cement does not develop 
sufficient adherence to the alloy surface. 
To overcome this difficulty, the L6A( 
is first applied to the alloy as a thin 
base coat. This provides a strongly ad 
herent, electrically insulating layer 
next to the metal. The small resist 
ance-wire gage is placed on the L6A( 
surface and cemented to it with the 
baked-on ceramic. The resulting at- 
tachment is strong and adherent and 
has been used satisfactorily for the 
study of vibratory stresses in gas tur- 
bine parts at temperatures as high as 
1,500 F. 


Proprietary Coatings 


Among the industrial concerns that 
have developed ceramic formulations 
is the Solar Aircraft Company. This 
concern, which has patent applications 
for several basic compositions and 
which is licensing the coatings under 
the general tradename of Solaramic, 
states that the following properties 
make them useful for metal protection 
at high temperatures: 

(1) Low heat conductivity 

(2) Good thermal shock and ex- 





0005F- 
Fig. 7—Loss in thickness of Kennametal ceramal H-138 
when exposed to 1,800 F for prolonged periods. Solid o 
points were calculated from micrometer measurements, 0 


while others were calculated from gain in weight. 


140 


Propuct ENGINEERING — OcrToser, 1952 





+ ~ 


+A-479M coated 
/ 


/ 
/ am m am One coat 
Two coats 


80 120 160 200 


Time in Air at 1,800 F hr 


paranti. > 


sarimi a aana AdE 


yet 





per 
tior 
son 
oxi 
wei 


enk 
wel 
suff 
wel 
mil 
fat: 
unc 


for 
am 


tec 
301 
du 


or 
avi 


Su 
ex 
be 
an 
co 


pe 


ou 


fe 





cellent oxidation resistance 
3) Resistance to fatigue 
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resistance of these coatings to 
thermal shock and to oxidation have 
been determined by test. Samples of 
coated and amuua Type 321 stainless 
steel and of uncoated Inconel were 
heated for 45 minutes at 100 to 200 F 
above the proposed operating tempera- 
ture, and then quenched for 15 min. 
in air. This was repeated through nine 
cycles after which the part was given 
a 15-hour soak at operating tempera- 
ture. The entire cycle was repeated 
for 200 hours. The protected Type 
321 stainless remained unchanged after 
approximately 200 hr exposure, while 
unprotected Type 321 lost almost 18 
percent of its weight through oxida- 
tion. The uncoated Inconel gained 
some weight immediately because of 
oxide film formation, then held this 
weight throughout the test. 

The fatigue life of metals is greatly 
enhanced by coating. Solaramic-coated 
welded samples tested at a deflection 
sufficient to produce 40,000 psi at the 
weld have withstood more than six 
million cycles, compared to an averax 
fatigue life under 600,000 cycles for 
uncoated parts. 

Solaramic coatings are formulated 
for a specific group of alloys. For ex- 
ample, a formulation for use on Typ 
321 stainless will satisfactorily pro- 
tect other stainless steels of the AISI 
300 series. It will not, however, pro- 
duce a good bond on the low alloy 
or carbon steels. 

Special coating compositions are also 
available to give some specific qualities 
not found in the basic formulations 
Such properties as gall resistance and 
exceptional corrosion resistance can 
be obtained. Abrasion or gall resist- 
ant coatings are applied as a second 
coat over the basic coat. 

Metals to be coated with high tem 
perature ceramics should have: 


(1) A slightly etched surface with- 
out rolled-in scale, pits or other de- 
fects. 

(2) A low hydrogen and included 
gas content to prevent bubble forma 
tion and pinholes during firing. 

(3) A high transition temperature 

preferably above 1,600 F to pre- 
vent undue distortion during firing. 

(4) The ability to develop upon 
firing a highly adherent oxide essen- 
tially insoluble in coatings and capable 
of existing for 15 or 20 min at 1,600 F 
or higher. 


From the standpoint of design, the 
metals should also have good high 
temperature strength, fatigue resist- 
ance, ductility and weldability. 


The highly alloyed metals are read- 
ily and effectively coated to obtain 
a longer service life. The 
steels such as Type 321 can be coated 
to withstand service at temperatures 
normally resisted only by higher alloys 
such as Inconel and N-155. 

Coating mild steels such as SAE 
1010 and 1020 series presents three 
major problems. These are hydrogen 
evolution, oxidation and lack of struc- 
tural strength. The main source of hy- 
drogen is dissolved water in the frit 
Oxidation of carbon in the steel pro- 
duces volatile CO and CO, during 
firing. Both hydrogen evolution and 
oxidation result in blistering of the 
coat. Of course, the tendency of mild 
steels to warp and sag during firing 
presents dimensional difficulties. 


Satisfactory coatings have been de 
veloped for mild steel that will insur: 
good service life up to approximately 
1,200 F. These coatings have been 
used successfully on SAE 1010, and 
1012 and 4130 steels. Thev have a 
somewhat porous surface that allows 
gases to escape during firing before 
the coat is completely fused. The par- 
tially controlled atmospheres and sne 
cial application techniques required for 
more refractory coatings that will pro 
tect low carbon steel at higher tem- 
peratures are not conducive to nro 
duction techniques. However, work in 
progress at Solar is expected to over 
come these difficulties 


Specifications for High-Temperature 
Coatings 


The performance of the high-tem- 
perature ceramic coatings on low car 
bon steel in both laboratory and serv- 
ice tests led to the preparation of 
approximate specific ations. These were 
issued during World War II as 
Army-Navy Aeronautical Specification 
AN-C-133 and as tentative specifica- 
tion AXS 1449 of the Army Ord 
nance Department. The principal re- 
quirements as written into these 
specifications are as follows: 

(a) Thermal-Shock Resistance. The 
coating must withstand five quenches 
from a temperature of 1,200 F with 
out visible damage, heat being sup- 
plied continuously to the underside of 
the quenched area. This test is per- 
formed on two coated, 18-gage tubes 
6 in. long and 24 in. in diameter, or 
on a section of exhaust tubing. A 
modified Meeker-type burner with a 
90-degree elbow fitted onto the bur- 
ner end is inserted into the test 
cylinder. The flame is lighted, and 
the burner is adjusted so that the tem- 
perature of the test area (as measured 
by a base-metal thermocouple with 
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stainless 


each wire welded separately to the out 
side of the steel tube) will pass 
through the temperature zone 1,185 to 
1,215 F in 30 seconds. The flami 
is then extinguished and relighted 
When the temperature again reaches 
1,200 F, 25 ml of water at 70 + 1í 
F is allowed to flow freely from the 
unconstricted large end of a 25-ml 
pipette onto the heated area of th 
cylinder between the thermocoupl 
welds. This treatment quickly cools 
the affected area to a temperatur 

low 212 F, as can be seen from th 
fact that before all of the water has 
left the pipette the surface of th 
specimen sustains a film of water ii 
stead of instantly vaporizing it as at 
the beginning of the quenching treat 
ment. When the temperature agair 
reaches 1,200 F, the quench is re 
peated until a total of five cycles has 
been accumulated 

(b) Oxidation Resistance. The pro 
tection of the metal against oxidation 
must be such that a 23-in. by 3-in 
coated specimen of 18-gage enamelir 
iron shall not gain in weight more 
than 0.03 ¢ during 48 hr of heating 
at 1.200 F. 

(c) Thickness of Coating. Th 
thickness of coating must be not less 
than 0.002 in. nor greater than 0.003 
in. on — areas nor greater than 
0.006 in. at beads. 

Analogous specifications for th 
more refractory coatings for alloys in 

1e A-417 and A-418 type have not yet 
been issued. Suitable test procedures 
are now under study by the armed serv 
ices and Air Force in particular 
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Fig. 1—(a) Diagram of a metal jon concen- 
tration cell. The anode is the copper strip in 
the 1/10,000 normal solution of copper sulphate. 
(b) Oxygen concentration cell. The anode is 
the iron strip within the porous cup. 
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EJ = CuSO, at the bottom of this diesel cylinder was pro- 


duced by an oxygen concentration cell, corro- 
sion occurring when oxygen concentration was 
least. The cylinder was cooled with salt water. 





the composition and concentration of 
the liquid or gas being resisted. Two 
major fields into which many of these 
variables fall are design and lubrica- 
tion. The corrosion factors 
fields must be carefully studied prior 
to subjecting parts to corrosive service. 

Proper design can contribute gener- 
ously to resisting corrosion. 
versely, improper design can instigate 
or accelerate corrosion by setting up 
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Fig. 2 
a 
C in | 
orrosion Factors ın | 
3 
Article based on material supplied by F. L. LaQue and (a) trapping of corrosive liquids . 
associates of the International Nickel Company, N. Y. -n -= dudni: U i y 
metals is a electrolytic action. Electrolytic cells the drying of the metal within the an 
not just are produced by the following: crevices with the accumulation of cor- co 
(1) Presence of crevices. rosive substances along the edges. co 
(2) Velocity and turbulence of the The less obvious sources of corro- 2, 
corrosive fluid. sion associated with crevices involve ’ co 
(3) Galvanic couples. the action of electrolytic concentration : th 
in these (4) Active—Passive surfaces. cells, Fig. 1, principally of the metal us 
The single step that might be taken ion or differential aeration types. R 
by designers to most effectively reduce In the metal ion concentration cell f 
corrosion is the elimination of crevices. the anode (at which metal goes into X 
Con- These are harmful for many reasons— solution) is located where the metal i 
some obvious and others not so ap- ion concentration is least. (Corrosion hi 
parent. The obvious reasons include: will therefore occur just outside the = 
$ 
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erosion. 





> —— Direction of flow 


Fig. 3—Velocity effects on corrosion. (a) Condenser tube showing deposit 
attack occurring at low velocities or stagnant conditions. (b) Tube show- 
ing impingement attack at high velocities. Note the directional tendency 
of the corrosion attack. (c) Diagram showing impingement attack and 

The latter removes protective films and accelerates corrosion. 


Design and Lubrication 


crevice where the metal ions are not 
able to accumulate. 

In the oxygen concentration cell the 
anode is located where the oxygen 
concentration is least. Consequently 
corrosion will occur as shown in Fig. 
2, within the crevice. In either case 
corrosion can be prevented by sealing 
the crevice or by Gidindiing it through 
use of butt joints or by redesign. 


Velocity Effects 


The velocity of a corrosive fluid can 
have marked effects on the rate and 
amount of corrosion. These effects 


occur at low velocities, high velocities 
or at high velocity differentials. 

Under low velocity or stagnant con- 
ditions solid particles or discontinuous 
deposits or scales can lie on the metal 
surface. The area beneath these 
deposits acts as a crevice, and may 
become the anode of an oxygen con- 
centration cell. Pitting, such as 
occurred with the condenser tube in 
Fig. 3 (a), will result. 

Corrective measures that should be 
taken in design and operation of 
units where this condition exists are: 

(1) Choose rates of flow high 
enough to prevent deposition. 
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(2) Where possible provide strain- 
ers to keep out objects that might be- 
come lodged in passageways. 

(3) Arrange for periodic cleaning 
to remove corrosion accelerating de- 
posits or scales. 

With many materials, particularly 
the copper alloys used for heat ex- 
changer tubes, there is a limit to the 
extent to which flow rates can be raised 
to keep surfaces clean. For example 
the velocity might be limited to 3 
ft per sec for copper tubes, 6 ft per 
sec for Admiralty brass, 8 ft per sec 
for aluminum brass or 10 ft per sec 
for cupro-nickel. Very high rates of 
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flow may set up equally destructive 
metal ion concentration cells aggra- 
vated by galvanic action between 
filmed and unfilmed surfaces. Anodes 
will be located in areas where the 
velocity is highest and where corro 
sion product films are eroded or kept 
from adhering. Such mechanisms are 
largely responsible for the erosion or 
impingement attack, Fig. 3 (b) and 
(c), of condenser tubes. 

This action is illustrated also by 
the corrosion pattern formed on disks 
whirled through sea water at high ve- 
locity. The distribution of corrosion, 
Fig. 4, indicates that at some critical 
degree of turbulence a slight increase 
in turbulence may cause a drastic in- 
crease in corrosive attack. 

A high velocity differential from 
point to point is more destructive than 
a much higher uniform velocity. Sys- 
tems and components should there fori 
be designed to minimize turbulence 
and to achieve maximum streamlining 
of flow 
In some cases, such as in complex 
piping systems, where it is impossible 
to avoid some local turbulence, ma 
terials should be chosen that have 
maximum resistance to turbulence ef- 
fects. These erosion resistant materials 
will allow for much higher liquid 
velocities. Consequently smaller dia- 
meter piping can be used resulting in 
a cost and weight savings 

Materials that can be active or pas 
sive, principally the stainless steels, 
ure particularly susceptible to oxygen 
concentration cell effects. These ma 





| terials depend upon oxidizing condi- 
j tions for maintenance of their protec- 
j tive passive films. A lack of oxygen 


will break down this passive film. The 
difference in potential produced by 
variations in oxygen concentration mav 
not exceed 0.1 volt with ordinary iron 
but with stainless steel the difference 
in potential between active and passive 





surfaces may be as high as 1 volt and 
generally well over 4 volt. Thus the 
stainless steels are susceptible to cor- 
rosion in crevices into which oxygen 
cannot diffuse readily. This effect can 
be demonstrated by placing a rubber 
band around a piece of stainless so 
that it touches only the edges and 
then immersing the piece in a salt 
solution. Passivity will break down 
under the rubber band where the 
metal is shielded from oxygen. The 
active passive cell set up will acceler- 
ate the corrosion under the band to 
such an extent that it will cut a notch 
through the stainless steel. 

Crevice corrosion of stainless steels 
Fig. 5 is also a problem where de- 
posits are allowed to accumulate since 
passivity will soon break down be- 
neath the deposit and pitting will re- 
sult. Protection against crevice corro- 
sion of stainless is afforded by 

(1) Avoiding or sealing lap joints. 

(2) Designing for conditions of 
flow that will prevent deposition. 

(3) Cleaning equipment systemati- 
cally. 

(4) Where crevices cannot be 
avoided, selecting the type stainless 
most resistant to this action. 

In selecting a sealing compound for 
joints or crevices care must be taken 
that the sealant docs not form a crevice 
of its own along its edge. Petrolatum 
is a fairly effective crevice corrosion 
preventative. It does not induce corro- 
sion on its own account as some other 
greases do and, as shown in Fig. 6, 
it has some anti-fouling qualities. Or- 
dinary zinc-oxide has recently been 
found to be an effective sealant. 

Stainless steels are very resistant to 
erosion and impingement attack at 
high fluid velocities so there is no 
danger of choosing too high a velocity 
to prevent settling of deposits. 

Where crevices cannot be completely 
avoided types 316 and 317 stainless 


steel should be selected. These contain 
2 to 4 percent molybdenum in addition 
to 18 percent chromium and 12 per- 
cent nickel. These alloys would apply 
also to salt water pump impellers 
where opportunities for crevice corro- 
sion exist during shut down periods. 


Galvanic Effects 


There are still too many instances 
of improper design involving combina- 
tions of metals under circumstances 
that lead to serious galvanic corro- 
sion. Of course it is rarely possible to 
use a single material for all parts of a 
complicated structure exposed to a cor- 
rosive environment. But in choosing 
the dissimilar metals to be used it is 
necessary to take certain facts and 
principles into account if difficulties 
from galvanic corrosion are to be 
avoided. - 

The first consideration is the relative 
positions of the dissimilar metals in the 
galvanic series as indicated in Table I. 

Here it will be noted that the ma- 
terials are divided into groups. Com- 
binations of materials within a group 
are relatively safe compared with com- 
binations from group to group. In any 
case, the opportunity for trouble in- 
creases with the extent of separation of 
the dissimilar materials in this series. 

The stainless steels are listed in both 
their active and passive states. In en- 
vironments where they normally are 
highly resistant to corrosion they wil! 
occupy their passive position. In bor- 
derline environments it will be prudent 
to assume that they may be active 
where their relative area is small and 
passive where their relative area is 
large. 

The arrangement of metals in such 
a galvanic series indicates only the 
probable direction of the galvanic ef- 
fect but not its magnitude. The extent 
of the action in terms of corrosion or 





Fig. 4—Corrosion pattern formed on metal disks spun through sea water at high velocities. First, Admiralty brass; second, 90:10 
Cupro-nickel, 0.7 percent Fe; third, 70:30 Cupro-nickel, 0.4 percent Fe; fourth, 70:30 Cupro-nickel, 0.05 percent Fe. The dis- 


tribution of corrosion indicates the existence of a critical velocity or degree of turbulence for each metal. 
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protection will be determined by the 
amount Of current that flows and par 
tucularly the current density. It is aiso 
influenced by what is called polariza- 
won of the anodes and cathodes. 

bor the present purpose, polarization 
can be detined as the dritt of the ini- 
tial potentials towards each other with 
a consequent reduction in the driving 
force of the galvanic cell resulting 
trom passage ot the galvanic current. 
The rate ot this drift is determined by 
the current density, by the reaction 
characteristics of the metals and by the 
conditions of exposure—ordinarily 
high aeration and velocity retard polar- 
ization drifts and thus favor greater 
galvanic action. 

What is bad is a combination ın- 
volving a small anode and a large 
cathode since the anodic current density 
will be high and the cathodic current 
density will be so low that there will 
be little polarization of the cathode 
to reduce the galvanic effect. For in- 
stance, if steel plates are joined by 
copper rivets the area of the copper 
cathode would be very small and that 
of the steel large so the galvanic effect 
on the latter would be negligible. If 
copper plates are joined by steel rivets 
the high ratio of cathode area to 
anode area would produce a high 
anodic galvanic current density and 
cause severe corrosion of the steel. 

All metals do not polarize equally 
and thus can have different galvanic 
effects independent of the open cir- 
cuit potentials that can be measured. 
This is illustrated in Fig. 7 by a com- 
parison of the cathodic polarization of 
copper and titanium in flowing sea 
water. It will be observed that ti- 
tanium polarizes much more readily 
than copper and that a cell made up of 
steel and titanium should reach equilib- 
rium at a lower current density than 
a cell of steel and copper and thus 


cause less galvanic corrosion of the 
steel. When more is known about the 
polarization characteristics of metals 
under more environmental conditions 
it can be expected that the choice ol 
one combination over another for a 
particular service may be influenced 
greatly by such polarization properties 

It should be noted that certain aero 
nautical specifications that presume to 
distinguish between safe and unsafe 
metal combinations solely on the basis 
ot open circuit potentials have a very 
unsound and unscientific foundation 
lhis disregards the all important po 
larization phenomena and associated 
arca effects just discussed. 

Since it is the current that causes 
galvanic corrosion, anything that will 
reduce the current will reduce galvanic 
action. Thus, increasing the resistance 
of the galvanic current will be helpful 
At the extreme, complete electrical 
insulation of the dissimilar metals will 
reduce the galvanic action to zero 
When this is not possible the use of 
protective coating and insulating tapes 
will help. 

In the atmosphere, galvanic action 
will not extend very far from the lini 
of contact of the dissimilar metals be 
cause of the high resistance of the thin 
films of electrolyte that can form. This 
is illustrated by the combination of 
steel fastenings in magnesium shown 
in Fig. 8. The action is not likely to 
extend more than about -%} in. from 
the line of contact. If this space is 
occupied by an inert material such as a 
plastic washer or by some metal gal 
vanically neutral to or more compat: 
ble with both the fastening and the 
plate, the galvanic effect can be ma 
terially reduced or eliminated 

Where lap joints are involved th 
use of insulating tapes impregnated 
with protective coatings will serve to 
keep liquid from between the faying 


Fig. 5—Passivity of stainless steel will break down beneath deposits. Where possible 


the liquid velocity should be kept high enough to prevent deposition. At right, low 


velocity or stagnant conditions have caused pitting beneath accumulated deposits. 
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should extend ig i. OF so trom th 
edge ot the lap the galvanic eftect will 
be negligible 
Caution must | exercised in th 


use Of protective coatings to control 
If the anodic metal 
IS coated, it is essential that the coat 


galvanic corrosion 


ing be 100 percent continuous and 
suffer no localized deterioration 

use. Otherwise, all the galvanic action 
will be concentrated on the small areas 
exposed at breaks in the coating 

A better practice would be to P| 

cathode and leav 
are. Small breaks in th 
athode can be tolerated 


the coating to th 
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Table I—Galvanic Series of Metals 
and Alloys 


—_— 


Corroded End (anodic, or least noble) 


ED 

Magnesium 

Magnesium alloys 

Zinc 

Aluminum 25 

Cadmium 

Aluminum 17ST 

Steel or Iron 

Cast Iron 

Chromium-iron (active) 

Ni-Resist 

18-8-Chromium-nickel-iron (active) 

18-8-3 Chromium-nickel-molybdenum-iroo 
(active) 

Lead-tin solders 

Lead 

Tin 

Nickel (active) 

Inconel (active) 

Brasses 

Copper 

Bronzes 

( opper-nickel alloys 

Silver solder 

Nickel (passive) 

Inconel (passive) 

Chromium-iron (passive) 

18-8 Chromium-nickel-iron (passive) 

18-8-3 Chromium-nickel-molybdenum- iror 
(passive) 

Silver 

Graphite 

Gold 

Platinum 


ee 


Protected End (cathodic, or most noble) 






Fig. G6—Petrolatum is an effective crevice 
corrosion preventative with- anti-fouling 
properties as the above smear shows. 


145 


“AN LIBRARIES 


f: 

























j 
; 
; 


Aisi shee te 





HIAHEDEITY PF MICH 












since they do not expose any substantial 
cathodic area to work on the relatively 
large anode. If the anode is to be 
coated, then the cathode should also 
be coated. This is much better than 
coating the anode alone. 


Effects of Shelter on Corrosion 
of Steel 


It has been established that the rate 
of corrosion of stecl in the atmosphere 
is determined principally by the pro- 
tective value of the rust that devclops 
and to become protective, rusts must 
have a chance to dry occasionally. 
Thus, a partial shelter that interferes 
with the drying action of the sun and 
the wind and the washing action of thc 
rain will result in maximum corrosion 

For this reason tanks and other ves 
sels with steel bottoms should be raised 
off the ground far enough to permit 
proper ventilation and drying and thus 
retard corrosion by permitting the de- 
velopment of more protective rust 
films. 

This applies as well to the elimina- 
tion of crevices in which moisture may 
be trapped in other structures such as 
vehicles and farm machinery. There is 
plenty of room for improvement in 
this respect also in automobile bodies 
where underbody corrosion is most 
severe on those surfaces that receive 
minimum ventilation or may even be 
flooded occasionally because of inade- 
quate provision for drainage of rain 
or condensed moisture. A possible so- 
luton to this problem might be to 
circulate warm air from the engine to 
those surfaces that otherwise might 
not experience adequate drying. 


Lubrication and Corrosion 


The nature of lubricants is such that 
ordinarily they are expected to retard 
rather than accelerate corrosion. From 
the standpoint of their possible corro- 
sive characteristics most attention has 
been given to bearings, especially in 
internal combustion engines and steam 
turbines. Certain bearing materials, es- 
pecially those high in lead and cad- 
mium, are subject to appreciable at- 
tack by acids produced by chemical 
changes in the lubricants. The rate of 
this acid formation is governed by 
such factors as the nature of the oil, 
the temperature at which it is used 
and the catalytic effects of metals in 
the system—particularly iron and cop- 
per. 

In studying the corrosive character- 
istics of lubricants several more or less 
standard laboratory tests have been 
devised by which these several effects 
can be observed. Laboratory investi- 
gations have led to the development 
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ot lubricants so compounded as to be 
substantially non-corrosive to common 
bearing materials. An example is the 
addition of compounds calculated to 
prevent the formation of corrosive 
acids by oxidation or to inhibit their 
corrosive effects if present. The corro- 
sion inhibiting additives are preferably 
supplemented by other compounds in- 
cluded to restrain the formation of en- 
gine deposits. 

The same sort of study has also per- 
mitted the evaluation and guided the 
improvement of the corrosion resistin: 
qualities of bearing materials and the 
use of such materials as indium to pro- 
vide a corrosion resistant surface by 
a combination of plating and diffu- 
sion, As a result of all this, corrosion 
by lubricants does not seem any longer 
to be considered a major problem. 

Corrosion is however a major factor 
in wear. Take for example the wear of 
the cylinders of automobile engines. 
As shown by the experiments of Wil- 
liams and his associates in England a 
few years ago most of the wear in en- 
gine cylinders is actually the result of 
corrosion by the carbonic acid, organic 
acids, surfur acid, or hydrobromic acid, 
that come into contact with the cylin- 
ders when they operate below the dew 
point of the products of combustion. 

Reduction of wear in automobile en- 
gines can be achieved by the follow- 
ing: 

1. Designing the engine to oper- 
ate with cylinder wall temperatures 
above the dew point of the products 
of combustion. 

2. Using corrosion resisting alloys 
for cylinders—e.g. austentic cast iron 
or chromium plating. 

3. Incorporating in the cylinder wall 
lubricant something to neutralize the 
acids in the condensate, inhibit corro- 
sion by such acids or be able to cling 


$ 


Potential vs. Saturated Calomel (millivolts) , 


to and preferentially wet the cylinder 
walls in the presence of relatively large 
volumes of condensate. From recent 
advertisements that have stressed thi 
corrosion protecting qualities of auto 
motive lubricants it would appear that 
considerable progress has been made in 
these directions already. 

There is one more peculiar form of 
corrosion which still requires attention 
by designers and lubrication engineers. 
This is fretting corrosion 


Fretting Corrosion 


The term “fretting corrosion” has 
been applied to a peculiar form of de- 
terioration that occurs on closely fitting 
machine parts when they are subject 
to vibration or other causes of almost 
infinitesimal slip between surfaces 
that for all practical purposes are in 
fixed relation to each other while the 
action is occurring—as in the case of 
components press fitted together. 

One of the characteristics of fretting 
corrosion by which it may be identi- 
fied is the appearance of a corrosion 
product which in the case of steel is 
a finely divided iron oxide principally 
Fes03 that looks like cocoa. 

There has been a great deal of dis- 
cussion about the mechanism of fret- 
ting corrosion and the po played by 
chemical (corrosion) effects as distinct 
from physical effects. It is believed 
that the primary action is a physical 
one associated with molecular attrac- 
tion between the closely fitting sur- 
faces. Cycles of seizure and breaking 
away produce a detritus of minute 
particles that become heated as they 
are torn loose and are oxidized instan- 
taneously to form the characteristic 
iron oxide corrosion product. 

Apparently, the extent of damage is 
not influenced greatly either by the 





Fig. 7—Polarization of metals in flowing sea water. 
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Table Il—Results of. Fretting-Corrosion Investigation 





Using Molybdenum Disulfide MoS: As Inhibitor 





Average number of cycles 








Observation of contact area during and 


after experiments 





Instantaneous fretting corrosion 
MoS, formed smooth bearing surface then 


rubbed away 


MoS, smeared thinly then rubbed away 
MoS, visible only in surrounding area 

MoS: visible only in surrounding area 

MoS, visible only in surrounding area 
Coating formed smooth bearing surface then 


brown stain appeared 











Immediate fretting corrosion 
Dry red oxide and stain 
Brown-black debris and spotty surface fail- 


ure and stain 


Brown and black debris and spotty surface 


failure and red stain 


Method Surface condition for first evidence of fretting 
corrosion 
Steel ball against glass flat 
Da a a an 1-30 
1 MoS, dusted 72,000 
2 MoS; rubbed.... 21,600 
3 MoS,, water and aerosol.... . 21,600 
à OS re 86,400 
5 MoS, and grease.......... 216,000 
6 Bonded MoS)... ‘ i 28 ,000 , 000 
Steel flat against steel flat 
ae Ca ti Die a 6k Ware hie ears 100 
1 MoS, dusted. 100, 000-160 , 000 
4 MoS, and oil. 700 ,000-760 , 000 
5 MoS, and grease... . 1 ,560 ,000-1 ,620, 000 
6 O r TNE 9,832 ,000-9,, 883 ,000 


Smooth shiny bearing areas formed then 


brown powder appeared 





intensity of pressure or the frequency 
of slippage—though some slip must 
occur. 

Soft materials show more tendency 
to seize and less tendency to produce 
corrosion debris than hard materials. 
Stainless steels as a class are particu- 
larly susceptible to this kind of dam- 
age, though the hardened varieties 
have been found to be desirable in 
some instances. 

The higher the initial surface finish, 
the greater is the severity of fretting 
corrosion. Also, attack on surfaces fin- 
ished to the same degree is greater 
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than where there is a difference in 
surface finish. Grit blasted surfaces 
have performed better than smooth 
surfaces—evidently as a result of a sort 
of keying effect which reduced slip. 
Ordinarily lubricants have not been 
particularly reliable for preventing frét- 
ting corrosion. Best success with oils 


has been had when one of the parts 
was nickel plated. 

In view of the nature of the deteri- 
oration process it would seem that the 
principal function of a lubricant would 
be to prevent the seizing that must 
precede the tearing away of the min- 





Fig. 8—Localized galvanic corrosion of magnesium around bare steel fastenings. 





ute particles of metal. This would be 
more important than acting to ex- 
clude oxygen to prevent oxidation of 
particles after they have been torn 
loose. 

The preferred oils have been low 
viscosity fluid lubricants with strong 
adhesive and extreme pressure proper 
ties and high resistance to oxidation 
It also has been recommended that the 
contact areas be kept submerged in th 
lubricant. 

Some excellent work in stu 
nature and prevention of fretting cor 
rosion is being carried out at the 
NACA laboratory in Cleveland. In 
studies of lubricants Table IT molybd 
num sulfide properly applied has ap 
peared to be superior to all others 

Finally the writer understands that 
there is one peculiar relationship be 
tween lubrication and corrosion in con 
nection with extreme pressure lubri 
cants. Here the proper functioning of 
the lubricant appears to require that 
some attack of the metal by the lubri 
cant must occur so as to yield a sur- 
face condition that reduces friction 


lying the 


The field of corrosion in design and 
lubrication much territory 
that it has been necessary in this articl 
to select only some features of inter 
est and concentrate on them. 


covcrs so 


Much savings can be realized and 
many failures prevented by a thor- 
ough study of these factors by design 
engineers 
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Various Methods of Locking | T 


Locking devices can generally be classified as either form or jam locking. Form locking 


units utilize mechanical interference of parts whereas the jam type depends on friction de- 


veloped between the threaded elements. Thus their performance is a function of the torque 
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- Threaded Members 


required to tighten them. Both types are illustrated below. For typical commercial lock- 
nuts, see the Reference Book Sheets, pages 205 and 207 of this issue. Credit is given to 


Frederico Strasser, Santiago, Chile, for much of the data shown. 
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Fig. 1—Two types of corrugated sheeting (A) and (B) that might be produced by extrusion. There are 
many applications for this type of product. Light weight, low cost, and chemical inertness are some of 
the advantages of extruded plastics for this and other products pictured above. 


Extruded Plastic Parts 


R. S. PERKINS 
Chemical Division 
General Electric Company 


COMPARED WITH CASTING, laminating, 
and compre ssion, extrusion, an | injec- 
tion molding extrusion is the recom 
mended method of producing plastic 
parts when (1) the cross section or 
length of the part is such that it docs 
not lend itself readily to other methods 
of molding; or (2) the higher pro- 
duction rates, lower tooling costs, and 
resultant lower part prices make th 
process especially attractive for fabrica 
tion of large quantities 

Low piece cost results not only fro: 
the fact that a shape can be formed 
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in a continuous length and cut-off to 
the desired dimensions, but also that 
the cost of an extrusion die rarely ex- 
ceeds $400. Thus, die cost is a small 
portion of the total unless an extremely 
complex cross section is desired and 
intricate and exact tooling is necessary. 
While there is a set-up charge to cover 
the start of a production run and the 
resultant waste and spoilage, this 
usually is small. The larger the order, 
the less is the set-up charge per piece, 
inasmuch as it remains the same for 
any order regardless of size. 

Post extrusion fabricating operations 
on extruded products to achieve effects 
that cannot be incorporated in di 
structure can at times be the most cx- 


pensive portion of the parts price, due 
to the necessary tooling and labor to 
achieve the finished product desired. 
Actually, finished piece cost depends 
primarily on three factors: 

1. The number of added operations 
to produce the finished article, such as 
drilling, slotting, punching, or stamp- 
ing. 

2. Tolerances required. 

3. Materials cost. 

In one instance, the material cost 
may be as low as 20 percent of the 
finished parts price, and in another, as 
much as 85 percent of the finished 
parts price. For purposes of rough 
estimating, the designer can consider 
material cost as approximately 55 to 
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Fig. 2—Incorrectly designed die (A). Rate of flow will be faster at points 1 and 2 than at 3. The same die 
can be redesigned for correct flow, as shown in (B) by shortening the parallel lands to equalize flow at 


all points. 


Frequently, some development work is required to obtain satisfactory die operation. 


Flexibility and low cost, as represented in applications such as these, account for 
the present industry interest in extruded plastic parts. Many basic compositions 
can be formed, including nylon, silicone, polystyrene vinyl, and the cellulosics. 
The author outlines current practies in production and techniques for use. 


60 percent of finished parts price, as- 
suming that no extraordinary and 
difficult fabricating operations or tol- 
erances are necessary. However, 
where an undue amount of finishing 
operations are involved, the net result 
would be that the ratio of material 
cost to parts price would markedly in- 
crease. As in any material procure- 
ment problem, the size of the order 
affects the price from the standpoint 
of reduced raw material costs, set-up 
charges, and tool costs, which are all 
amortized over a greater number of 
parts. 

To determine the amount of mate- 


rial involved per part, it is necessary 
to determine first the cross sectional 


area of the part, converting this factor 
to cubic inches per linear foot of ex- 
truded part, at ts multiplying the 
resulting product by the weight per 
cubic inch of the desired material. The 
result is a weight of material per linear 
foot of extruded product and this, in 
turn, multiplied by the material cost 
per pound, equals the material cost 
per linear foot of extrusion (Table I) 

Many different plastic compositions 
can be extruded. Materials such as the 
fluorinated ethylene polymers, nylon, 
and silicone rubber all offer extreme 
chemical inertness combined with heat 
resistance. Both polystyrene and 
methyl methacrylate panels are being 
extruded in varied shapes, designs, and 
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colors, Fig. 1. Some have replaced 
glass in lighting fixtures and many 
advantages are being realized by this 
replacement. Some of those advan- 
tages are light weight, good light 
transmission characteristics and low 
maintenance costs, since replacement 
due to breakage is reduced to an almost 
absolute minimum. 

Inasmuch as the specific gravities of 
modified polystyrene are approxi- 
mately the same as regular polystyrene, 
these compounds are finding varied 
usage in applications where toughness 
and resilience are required, combined 
with lightness in weight 

The cellulosic materials have varied 
usage extruded rod stock for tool 
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Fig. 3 


haridles, where high impact resistance 

paras extruded pipe for aircraft 
water supply systems, and brine dis- 
posal in the oil well industry; as well 
is decorative trim for counters and dis- 
plays, shelf edging, channels, and the 


like. The vinyl materials, of which 
there are many modifications, have 
varied usage, from novelty items to 


trim for luggage, electrical insulation, 
refrigerator door gaskets, and gaskets 
for automobile windows 
Gasketing materials in the 
vinyl compounds have 


into their own 


flexible 
be en coming 
as a replacement for 


the rubber type gasket. The advantages 
realized are resistance to oxidation 
iging, oils and fats. They retain their 
resilience, do not check or crack, ar 


cuff proof, and have solidity of color 
Some of the newer postforming tech 
1 


yur ror vinyl 


involve 
helic al extrusions so that the piece is 
postformed continuously 


gasket ng 


as it emerges 
from the extruder and while it is still 
in the plastic stage. By this pro edure 
the piece is permanently set to the 
desired and will not tend 
ert to its original shape after it 
has been in use for a period of timc 


urvature 


fo re 


Extrusion Problems 


All of the thern materials 
with the exception of nylon and poly 
ethylene can be extruded 
formed by the same techniques with 
some modification in plasticizing tem 
peratures, screw speed and occasionally 
screw design 

Nylon and polyethylene 
low viscosity, 


r o 
10f lasti 


and post 


due to their 
are probably the two 
most difficult materials to extrude. par 
ticularly where shaped extrusions ar 
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involved. Because of this low viscosity, 
the materials must first be shaped by 
the die aperture, then quickly chilled 
in water or some other suitable cooling 
medium before excessive “after flow” 
has taken place. 

Modified polystyrenes or so-called 
high impact styrenes do not extrude 
with a particularly good finish as com- 
pared with that obtained from regular 
polystyrene, cellulosics, nylon or the 
acrylics, which possess good luster and 
smoothness Consequently, if extruded 
parts are desired in modified- polv 
styrene, it must be remembered that 
the surface will be dull and have some 
tendency toward roughness. But this, 
by no means, affects its usefulness or 
durability 

Cellulosic materials, nylon and the 
acrylics are hygroscopic in varying de- 
grees and must absolutely undergo a 
drying operation prior to extrusion. 
The presence of moisture in these 
compounds is evidenced by rough 
finish, bubbles and voids and what 
appear to be “fish eyes” or unplastic- 
ized particles. And frequently ex- 


Extruded structural shapes provide attractive trim on many commercial products. Widths up to 40 in. and lengths up to 


10 ft and longer are practical from the production standpoint. Short sections of an inch or two are also produced. 


trusion conditions are changed without 
avail in an attempt to compensate for 
a condition that can only be corrected 
by proper drying techniques and the 
complete removal of moisture and 
other volatiles that the compound 
might contain. 

Postforming techniques of extruded 
products are playing an increasingly 
important part in producing shapes 
considerably more complicated than 
formerly thought possible by extru- 
sion. These postforming techniques 
are quite similar to forming techniques 
in use in the steel industry where the 
forming is done on a continuous basis. 
Many of the seemingly complex de- 
signs in use today are extruded from 
a relatively simple die, then through 
the application of proper postforming 
techniques formed to more complex 
shapes. 


Design Limitations 


One advantage to extruded prod- 
ucts is that any desired length can be 
obtained—short sections an inch or 
two in length or long sections up to 8, 


Table I—Relative Cost of Plastic Materials 





Specific Weight, 

Material Gravity Ib/cu. in. Price per Ib 
Polystvrene | 1.05 0.038 $0.325 
Methyl methacrylate 1.18 0 0425 0.70 
Styrene copolymers. . 1 06 0 039 | 0.45 
Polyethylene 0 092 0.033 | 0.51 
Nylon. 1.15 0 042 1.85 
Cellulose acetate butyrate | 1.21 0.044 | 0.68 
Cellulose acetate... | 1.33 0.048 0.63 
Ethyl cellulose 114 0.0411 | 0.75 
Vinyl 1 .33-1.7 depending 0 048-0 061 0.42 


on filler | | 
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10, 12 and 15 ft. From a practical 
standpoint, however, the lengths of 
rigid extrusions should be limited to 
8 to 10 ft due to packing and shipping 
problems encountered with longer 
lengths. On rigid extrusions, almost 
any widths can be achieved, up to 36 
and 40 in. Development work is 
underway to produce still wider 2> 
for which applications are gradually 
being established. 

Naturally, the wider the part, the 
greater the thickness must be, particu- 
larly where a certain amount of rigid- 
ity is a prerequisite. As a rule, the 
thickness should increase about 0.002 
to 0.004 in. per in. of width. This 
roughly means that a 3 in. width in a 
thickness of 0.040 in. would, in a 
12 in. width, be approximately 0.060 
to 0.070 in. thick if sufficient rigidity 
were to be maintained. 

As a rule, the larger the perimeter 
of the part, the more difficult it is to 
extrude because of the friction de- 
veloped between the metal surfaces of 
the ie and the plastic material. How- 
ever, the larger the cross sectional 
area, the less force is required to over- 
come this friction. Consequently the 
difficulty of extrusion, although it in- 
creases with an increasing perimeter, 
decreases with an increasing cross sec- 
tion. 

Since little technical data on extru- 
sion die design has been made avail- 
able, there are only rough rules of 
thumb for the extrusion engineer to 
follow. Therefore, every supplier of 
extrusion molded parts is faced with a 
certain amount of developmental work 
on every new product that is under- 
taken. Some required great amounts 
of developmental time and expenses, 
as evidenced by multi-color extrusions 
and by complex shapes such as gaskets, 


Table I1—Comparative Commercial Tol- 
erances for Extruded Plastics and Metal 
| Tolerances, 


| Plastics | 


9.006 | +0007 
OOS +0 005 
009 +0 009 
010 +0 010 
015 +0 O12 
018 +0 0lć 
025 +0 024 
030 +0 .034 


040 | +0 044 
050 | +0 054 
060 | +0 O64 
070 +0 074 
080 | +0 O80 


counter trim, edgings, and lighting 
panels. Others, such as simple tubes 
and small diameter rod stock required 
very little experimentation. 

The matter of die correction to o! 
tain proper balance of flow and achiev 
uniformity of thickness is often the 
most difficult and time-consuming op 
eration of all, inasmuch as several trial 
runs have to be made before correct 
flow distribution is obtained. As can 
be seen from the accompanying 
sketch, Fig 2, on parts of large width, 
it is necessary to balance the flow with 
in the die as material moving at points 
1 and 2 has a longer distance to trav’! 
than at point 3. Consequently, with 
the longer distance, greater frictional 
forces are encountered and must b 
reduced by decreasing parallel land 
length. 

Multi-colored extrusion is a rather 
specialized field and not all extruders 
are equipped for or inclined to enter 
it, as it is at present limited to th 


decorative trade, and novelty item 


How Powder Metal Is Being 


PRODUCERS ARE NOW USING three 
major methods to convert metals to 
powders for use in powder metal 
processing according to Samuel Brad- 
bury of the F. J. Stokes Machine Com- 
pany. 

Chemical reduction is the most 
widely used method. Oxides of such 
metals as copper, iron, and tungsten 
are derived from ores by roasting or 
chemical means and are then ground 
to powder in a ball mill. Iron oxides 
are often heated in the presence of 
coal or coke to burn out the oxygen 
and create carbon dioxide. Copper 
oxides are usually handled in trays in 
a hydrogen atmosphere at temperatures 


on the order of 1,500 F. 

Big advantage of this process is th 
fact that the resultant powder has 
good “green strength.” Since par 
ticles of reduced oxides knit well 
together and form a good mechanical 
bond, parts have good strength after 
pressing and before sintering 

Atomizing is used for metals like 
lead, tin, aluminum, and brass that 
have relatively low melting points 
In this process, the metal is melted 
and poured in a thin stream through 
a nozzle. As it emerges, the metal is 
hit with a high speed stream of air, 
gas, or water spray that creates a 
shower of tiny droplets that form 
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trade. However, the possibilities of 
multi-colored techniques in the large 
rigid extrusion field are many, par 
ticularly for decorative panels 

The basi principle ot multi-colored 
is the same 
except that a separate ma 
is required for each color 

The machines are set up in such a 
way that they all feed into a common 
die, suitably channeled to direct colors 
where needed. The materials even 
tually converge at a point just short 
of the die orifice where bonding of 
the different colors takes place and a 
sharp line of 
tained 


xtrusion as conventional 
extrusion 


| 
nine 


demarcation is main- 
In this respect the die design 
for multi-colored extrusion is rather 
tricky, as the colors would run together 
or blend if the converging point of the 
materials was too far back in the die 

Commercial tolerances of plastics 
have been generally 
accepted by industry compare favor 
ably with the commercial tolerances 
for extruded metal parts. The toler 
ances for both metal and plastics listed 
in Table II are almost identical for any 
given dimension 

Closer tolerances can be obtained 
but only at the expense of higher part 
cost and lower production rates. In 
some instances where extremely close 
tolerances are required for extruded 
plastic rod and tubing, it is necessarv 


extrusions that 


to utilize a centerless grinding opera 
tion for finish grinding the product to 
tolerances of +0.0005 inches 

Finally, sharp corners 
ivoid d. duc to th 
that they may have on the structural 
qualities of the part. Wherever ribs 
or fluting are incorporated into the de- 
ion, they should be well filleted at the 
corners at no less a radius than one 
half the cross section 


should be 
weakening effect 


Made 


tiny solid 
ither a sphere or a 
they hit a collector. In 


this process 


particles in the shape of 
teardrop when 
i variation of 
heated air and melted 
metal is drawn through an atomizing 
nozzle to form the powder 

Electrolytic more 
expensive method of making powders 
but produces materials. Iron 
copper and silver are often made 
with this technique. It’s the same 
process as ordinary electroplating, but 
the platers want a spongy cathode 
instead of a solid coating of the pure 
metal. High amperage produces gass 
ing that causes a powdery or brittle 
de posit 


deposition is a 


purer 
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STALINETZ 80 closely follows the 


l 


original Caterpillar basic design, but it has been completely redesigned, part 


y part, to conform to metric dimensioning, to fit Russian shop practices, and to use materials available to Russian 


Captured instruction manuals show that the Soviets have also copied latest U 


S. design changes 


Russians Shun Frills on Stalinetz Tractor; 


At first glance, Russian Stalinetz 80 Tractor is a 
perfect copy of the D7 Tractor built by the Caterpillar 
Tractor Co., Peoria, Ill., between February 1942 and 
March 1943. But the Soviets have injected their own de- 
sign concepts in redesigning the Diesel D7 to conform to 
metric dimensioning, to fit Russian shop practices, and to 
use materials available to Russian engineers. 

Caterpillar’s research department prepared a detailed 
analysis of captured Stalinetz tractors which indicates 
that Soviet engineers are ingenious, not just imitators, 
and they are up to date on current design and production 
techniques. 

The most significant difference between Russian and 
Caterpillar design is the finish of parts. Soviet engineers 
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specify very rough finishes on all unimportant surfaces. 
But when a fine finish is essential to the function of a 
part, Russian finishes are every bit as good as American. 
In addition, the Russians allow larger tolerances for di- 
mensions unless a part’s function requires close toler- 
ances. In this case, the dimensions are held as close, or 
closer, than American. Obviously, the Russians have the 
equipment and know-how to make precision parts, but 
they use them sparingly and only when precision is 
required for proper functioning. 

Despite the comparative looseness of tolerances, suffi- 
cient control is exercised so that Russian parts are inter- 
changeable. When Caterpillar started its analysis, the 
two captured tractors were in poor condition. The ma- 
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RUSSIAN ENGINE rebuilt by Caterpillar engineers looks identical to Cat D7 tractor engine except for roughness of 


exterior finish, which is not up to American standards. 


is 8.071 in. instead of 8 in., resulting in a reduced displacement of 1 


Bore of this engine is 145 mm instead of 53 in 


cu in. per cylinder; but performance is not reduced 


Designed for Simple Low Cost Production 


chines had been pierced by bullets, perhaps sabotaged ; 
the engines were frozen and had been run without lubri- 
cation prior to their capture; parts were missing or had 
been pirated. However, Caterpillar was able to provide 
one complete engine for dynamometer testing by dis- 
sembling two engines and salvaging parts. The easy inter- 
changeability suggests that tools, dies, and fixtures simi- 
lar to Caterpillar’s were used in Russian production. 
Not a single Russian part is interchangeable with the 
Caterpillar part from which it was copied. Metric dimen- 
sioning is not the only reason, however, because even the 
internal parts of the Caterpillar fuel pump (made to 


metric dimensions originally) are not interchangeable 
with the Russian parts. 
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In metallurgy, the Soviets substitute more available 
chromium, nickel, or manganese in parts where American 
practice dictates high molybdenum content. They use heat 
treating practices such as flame hardening, induction 
hardening, and die quenching of bevel gears to get the 
same degree of hardness as is found in American counter- 
parts. 

The Russians appear to prefer steel castings to forgings 
or stampings, and the castings usually have a rough 
finish. 

Caterpillar research engineers conclude that the Stal- 
inetz 80 is a very satisfactory military tractor and is the 
best engineered of the foreign-made tractors that have 


been examined at Peoria. (continued on next page) 


A 
à 
: 


- and stroke 


i.e 
HET 


S044 48 44a tee 


pacocltTVv DE MICH 





PRODUCT DESIGNS 


eel 






Caterpillar ses «= 
Russian Stolinetz meme 





y mpeane „onge am 


Bmep 


ee 





COMPARISON of lug performance. 
pi rfrorms as 


Stalinetz 80 engine 
well as Diesel D7 engine, and its maximum 
output is slightly higher. Differences in fuel consumption 
it full load (shown here) are not significant; at part or 
lighter loads, Stalinctz fuel consun 


ption 1s as good as D7 





MINOR CHANGES in transmission top shaft prevent 
interchangeability between Stalinetz (lower) and D7 
(upper). While there are the same number of splines, 
they are shaped differently. Notice the rough finish at top 
and bottom of splines on Russian shaft, but tool marks 


f 
do not interfere with satisfactory performar 
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Stalinetz Tractor (continued) 


Note coarse surface 


p 


casting 


Roler bearing 
EE i 


SIGNIFICANT ENGINEERING change in Russian start- 
ing engine crankshaft. Anti-friction bearings replace babbit 
type main bearings and improve cranking ability at low 
ambient temperatures. Recently Caterpillar has replaced 
the babbit with aluminum as the main bearing material. 


STEEL CASTING, (lower) replaces Caterpillar forged 
roller frame (upper). While appearance of forging is 
superior, either design is adequate for the function. Russian 
preference for castings may be based on a shortage of 
forging facilities and press equipment rather than on 
metallurgical reasons. 
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RUSSIAN CYLINDER BLOCK. Rough finish on castings is caused either RUSSIAN FUEL PUMP PLUNGER 
by very coarse sand or poor wash practices on the molds. Note poor cleaning has same shape and contour as Cater 
of holes through which bearing caps are removed. Machined surfaces provide pillar plunger but is not interchange 
adequate surface for good gasketing. Russians do not use paint seal on inside able. Lapped surfaces are held to 
surfaces of crankcase to prevent loosened particles from contaminating oil 


closer tolerances than D7 plung r 
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RUSSIAN PISTON casting technique. Stalinetz piston (right) was cast using RUSSIANS SURPASSED Caterpillar 
a sand core only for the portions underneath the crater where the piston oil with the fabrication of the transmis- 
reservoir is located. a that core was set on top of a seven piece sion shifter fork. Possibly because 
permanent mold core. D7 piston (left) was cast with a full sand core. The Soviet forging dies are newer, their 
Russian piston is made of aluminum alloyed with large quantities of silicon forks (lower) are finished forgings 
and copper; D7 piston is aluminum alloyed with magnesium and no silicon 


(Continued on next page) 
Propuct ENGINEERING — OcToseEr, 1952 


157 





PRODUCT DESIGNS Stalinetz Tractor (continued) 


FINAL drive roller bearin 
(right). Russian (a) has dif- 
ferent inside and outside diam- 
eters than D7(b). Also, it has 
13 rollers instead of 12. A 
nae taper on the inner race 

es the Russian bearing easier 
to assemble but more difficult to 
adjust the rollers within the 
narrow race path. 
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Beoring journals 
RUSSIAN CAM SHAFT has 
rough turn on unimportant areas, 
but cam surfaces and cam jour- tse aaah acs ps 
nal bearings have excellent fin- 
ish, equivalent to that on D7 ie. 
cam surfaces. Shaft is carburized Rough hen 
to a full hardness of Rockwell 
C60. Wear on cam nose was 
caused by grinding action of dust 
and dirt present in the engine, 


not by improper heat treatment. , Good finish on cam 
This was excellent. 
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CONNECTING ROD bearings 

< were in bad shape from im- 
proper maintenance, but com- 
ion was the same as in 
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CROSS-SECTION of track pin 
(a). Both of these pins are 
induction hardened and good 
heat treating practice is evident. 
Russian pin has better uniformity 
than the D7 pin. (b) Cross- 
section of track link. Ryssian 
link is considerably lighter 
about 1 lb each). At present, 

illar induction rdens 
the rail surface. The Russians 
do not, and ten years ago Cater- 
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PRODUCT DESIGNS 


Handle cr*encs 


for subtraction Operating 


handle 








Clearing lever 


A 


Result dial 


4 
numeration f A. Corriage 
4 Carriage 
/ position 
A indicating 
j arrow 


Keyboard 
| 
( 
| 
f 
Carriage can be rotated into any one of six positions 
for multipliers of more than one digit. If indicating 
arrow points to 1 of result dial place numeration, 
i the number set is transferred unaltered to the result 


dial; with arrow at 2, number is transferred 10 
times; with arrow at 3, number is transferred 100 


j times, and so on. Turns are recorded in the counter 


dial accordingly, as 1, 10, or 100. 


TRANSMISSION OF NUMBERS. As setting knob 
is pulled down, it rotates the setting axle so that 
the proper number appears on the setting dial. At 
the same time it pulls down the setting wheel to a 
position on the toothed step drum where the number 
of teeth corresponds to the number set. Turning 
the operating handle revolves the main axle which 
rotates the drum so that it acts successively on each 
of the eight setting wheels. The ratation of each 
setting wheel is transmitted through the transmission 
axle to a pinion which drives the numeral wheel in 


the result dial. This cut shows one digit operation. 


TEN’S TRANSFER MECHANISM. As the zero on 
the numeral wheel is moved so that it is visible in 
the result dial, the tens transfer pin in the wheel 
depresses the tens transfer slide of the next digit. 
The slide then depresses it’s tens transfer pinion 
so that it contacts a single tooth in a plate above 
the step drum and on the same axle. This tooth 
moves the pinion one step forward adding one to 
the next digit. The pinion is then returned to its 
original position by a curved plate behind the tooth 


TOP VIEW of machine (insert) show six place 
counter dial, and 11 place result dial. Clearing lever 
is locked during operation by release button. When 
released, one complete turn clears both dials. But 
each dial can be cleared independently, by rotating 
the clearing lever overall the openings of that dial. 
Stops at the boundries between the counter and 
result dials assist independent clearing 
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Miniature Machine 


By using a single step drum to actuate successively each digit 
setting of the machine instead of an individual drum for each 
setting, Contina, Ltd., Mauren Liechtenstein has made the 
Curta Calculator small enough to be handheld during opera- 
tion. 

On its circumference the step drum has 19 rows of gear 
teeth, each row with a number of teeth ranging from one to 
ten. Nine rows are for addition, and nine rows carry the com- 
plementary digits of the addition rows, since subtraction is 
performed by adding complements. One row has ten teeth for 
first digit subtraction. When subtracting, all digits from two 
to eight are complemented to the false complement nine, but 
digit No. 1 must be complemented to the true complement ten. 
So the axle of digit No. 1 has an additional Cog wheel which 
is struck by the top row of ten teeth when subtracting. 

Calculations are performed by driving the drum past each 
of the setting wheels to transfer a number corresponding to 
the number of teeth encountered. An automatic locking device 
prevents rotation in the wrong direction so that there is mini- 
mum wear of rotating parts. The calculator has been tested 
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Performs Engineering Calculations 





with 40,000,000 revolutions without appreciable wear. i 
è p : tion drum moves during operation for firet digit 
Major components of the machine are: the carriage that can 
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be moved to six different positions for multiplication and divi- } 
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sion; the number transmission mechanism; the ten’s carry È , ins r 
mechanism; and the result and counter dials. 5 ` | ae 
This precision calculator that weighs eight oz performs | Tras 3“ 
addition, subtraction, multiplication, division, squaring, cub- eee 


ing, and square root operations. The number set is trans- 
ferred to the result dial once for each turn of the operating 
handle while the revolution counter records the number of 
these turns. Automatic devices prevent errors from mis- 
handling. For instance, if one turn too many is made, it can 
be eliminated by a turn of the handle with the axis in the SCHEMATIC of toothed portion of step drum ex 
other position (subtracting instead of adding). plains how addition and subtraction operations w 

Capacity of the machine is 8x6x11 places. Eight place digits E aap ig enp heels adding 
can be set for addition or subtraction; six place multipliers can 























a number corresponding to the number of teeth > 
be used; and maximum results of eleven places can be obtained. encountered. For subtraction, the operating handle = 
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PRODUCT DESIGNS 





Mechanical Sensor 


for Automatic 


Check Signer 


A mechanical sensing device with a finger- 
like sensing rod picks out checks for high- 
speed automatic signing in the Customatic 
Check Signer designed by G. H. Leonard, of 
the Stamford Tool and Die Corporation, 
Stamford, Conn. When this sensing rod lo- 
cates a control hole in the proper place on 
the check, the mechanism releases a hammer 
that prints the signature at a specified posi- 
tion on the check. The signer was designed to 
fit on the back of a Remington-Rand Posting 
Interpreter and it receives cards and checks 
from the parent machine, straightens them, 
identifies them, signs only the checks, counts 
the number of checks signed, and then deliv- 
ers them to a card magazine or receiver. 

The sensor acts as a safeguard to prevent 
the signing of improper checks and identi- 
fies the checks from control cards that the 
parent machine uses to print information on 
the checks. 

When the assembly is running, there are 
four possible sequences for the sensing mech- 
anism. If the signer is locked into the in- 
operative position by the key and tumbler, 
an interlock fits into the sensor rod and 
holds it in a locked position that prevents the 
hammer from striking. In signing position 
with the proper signature plate in place, the 
key turns the machine to operative condition 
and a spring-loaded cam follower moves the 
sensor through three positions after the card 
is centered. The counter is tied to the printing 
hammer and counts only checks that have 
been signed. 

Ribbon reversing mechanism uses a change 
in the geometry of the ribbon spool to re- 
verse direction instead of the tension of the 
ribbon. For advancing, the spools are end 
loaded against friction disks by springs that 
can be swung aside to release the tension and 
allow manual rewinding. 

Milled gear, latches and studs permit at- 
taching the signer to the parent machine 
without tools. 
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AUTOMATIC CHECK SIGNER machined from dural plates receives 
cards from parent machine, straightens cards, identifies checks, signs 
checks, counts checks and discharges them at rates up to 12,000 per 
hour. Locking mechanism makes unit operative or inoperative and 
prevents the insertion or removal of signature plates by unauthorized 
personnel. Key cannot be removed with unit in operative condition. 
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REAR VIEW shows attaching devices. Milled gear fits mating gear 
on parent machine in only one position and automatically puts signer 
in proper phase with parent. Latches fit parent machine only if gears 
are properly meshed. Studs fit slots on parent machine and permit 


CAMS that phase the hammer (above) 
sensor (below) are pin driven and mount 
on ball bearings. Hammer trigger action 
caused by spring loaded cam follower over 
Power to driving its cam. Lost motion slot affords root 
for driving pin when follow 
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swinging signer down when servicing the parent unit 
operate all functions is transmitted by the milled gear. 
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PRODUCT DESIGNS 


Redesign Boosts 
Torch’s Capacity 


Improved cooling as the result of locating 
the water jacket close to the arc instead of in 
the torch body permitted the Linde Air Prod- 
ucts Company to increase the capacity of their 
Heliarc welding torches without increasing 
weight or size. When welding heavy alu- 
minum or stainless steel sections with the 
old design, it was necessary to supply addi- 
tional cooling water to the gas cup by ex- 
ternal tubing that decreased the welder’s 
visibility. 

By using small diameter tubing in the 
torch body capable of withstanding molding 
pressures up to 15,000 psi, they were able 
to insulate the torch body with a plastic ma- 
terial that offered better resistance to soften- 
ing and melting during heavy welding opera- 
tion instead of plastic that could be molded 
at 200 psi to prevent crushing the water 
jacket and which softened and melted during 
high temperature service. 

The torch is designed to use a metal nozzle 
for dc operation up to 300 amps and a cer- 
amic nozzle for high frequency ac welding 
up to 250 amperes. 


Thread Insert 


Locks Bushing 


Three helical wound wire inserts made by 
Heli-Coil Corp., Danbury, Conn. are used to 
lock the bushing assembly, through which 
welding rod passes to a laminated phenolic 
insulator block in the automatic arc welder 
made by the Air Reduction Co., Inc. 

One large insert forms the threads on 
which the adjustable bushing turns; while the 
other two hold socket head screws that keep 
the adjusted bushing from changing position. 
The diamond shaped stainless steel wire from 
which the inserts are made provide metallic 
threads in the plastic for repeated adjust- 


ments without damaging the block. 
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“HELIARC TORCHES:” new design (left) compared with old design 
(right). More efficient cooling system permits removal of external 
plumbing to increase welder’s visibility, increase current capacity and 
reduce size of torch. Since the redesigned torch head is shorter than 
the old design, the tungsten electrode stub loss is reduced 50 percent 
and welder visibility is increased. Hose is connected to torch through 
nut and nipple connections. Ceramic nozzle prevents arcing from the 
torch before arc is struck when using high frequency ac 
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FLOW OF FLUIDS. Argon enters through torch body, flows on NEW BODY DESIGN (left) 


outside of collet to prevent gas turbulence, and passes through collet 


body into nozzle. Water enters through torch body and passes down diameter enclosed body water jacket (right) 


broached slot in collet body to the water jacket. Water leaves the This reduces production rejects and permits in 
jacket in broached slot on opposite side of collet body. Electric power creasing molding pressure from 200 psi to as 
enters through braided copper cable that also carries the cooling water high as 15,000 
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Today’s demands have expanded the groups of potentiometers available to the 


product engineer. Among the newcomers are: Miniaturized, high torque, preci- 


sion-taper and helical units. Here are details on their construction and use. 


DESIGNERS have of late become inter- 


d in th potentiometer as a ma 


chine component. The reason is sim- 
ple—added flexibility is required for 
w control circuits And potentio 
ters—electrical flow control valves 


provide that flexibility. 

Several physical arrangements are 
possible for potentiometers. In one 
design, the resistance element lies 
along a straight line or in a flat plane 
with the contact arranged to pass 
linearly along it. More common is 
the construction involving a circular 
resistance element. Potentimeters of 
this type have a centrally-located rotat- 
able shaft which carries a contact 
making arm. Alternatively, the shaft 
may be fixed and the resistance ele- 
ment rotated around it. Slip rings are 
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usually necessary in the latter arrange- 
ment. 

Potentiometers may be conveniently 
grouped for review according to their 
most outstanding characteristic. As- 
signing arbitrary group numbers: 

Group I—Low cost potentiometers. 

Group IIl—Power handling potenti- 
ometers. 

Group III—High precision potenti- 
ometers. 

Those of Group I are made in large 
numbers for consumer goods, such as 
television receivers and radio sets. 
Group II potentiometers are usually 
referred to as “power type” com- 
ponents and are used as field rheo- 
stats and other relatively heavy-current 
applications. Group III units, called 
“precision potentiometers”, find ap- 


plication as position-information trans- 
mitters, as mechanical modulators, and 
as elements of computer devices. Each 
of these groups, of course, contains 
models of additional special charac- 
teristics, such as small size and especi- 
ally high or low torque specifications 


Group I Potentiometers 


The low cost group may be sub- 
divided according to the type of re- 
sistance element and in order of 
increasing cost, as follows: 

1. Carbon 

2. Composition 

3. Wire-wound 
This also a to be the order of 
increasing stability and accuracy. 

Some carbon potentiometers are of 
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Table I—Characteristics of Low-Cost Potentiometers 


Resistance 


(ohms) 


500 ohms to | 0.5 - 2 


10 megohms 


race 


Power 
(watts) 


Frequency 


Tapers 
Performance 


Available 


Relatively good; 
limited by distri- 
buted capacity 


Same as de- 
posited carbon. 


Poor, limited by 
high inductance 


Si JIBRAN LO 


f ʻi 
; 
i, 


j 
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Fig. 1—Resistance elements for low cost composition-type po- 
tentiometers. These are formed by molding a resistance com- 
pound on an insulating base. Fig. 2—Curves showing the vari- 
ation of resistance with shaft rotation for assorted deposited 
carbon and composition potentiometers. Each taper curve is 
selected for a definite purpose. Fig. 3—Resistance tapers for a 
wire-wound potentiometer. Variation in taper such as that of 
curve C is accomplished by changing wire size at some point of 


the winding. Fig. 4—Potentiometers are usually mounted on 
chassis or panel by means of integral threaded bushing. Stamped 
metal housing offers mechanical protection only. Fig. 5—Group 
of subminiature carbon potentiometers, each about the size of a 
dime. Housing serves also as control knob. Fig. 6—Unit with 
insulating bushing for electrically isolating potentiometer bod 
from chassis. This construction is required for high voltage 
applications in both control and communications equipment. 


Mere on neti a® 


Pa DARS MARAN nmin tt ee 


the deposited type, in which the re 
sistance material is applied to an in- 
sulating base material by painting, 
spraying or a similar process. Base 
materials are usually from the pheno- 
lic group. Also in the carbon group 
are composition potentiometers, made 
by heat- and pressure-molding a re- 
sistance compound onto a base mem- 
ber. Both deposited carbon and 
composition types employ resistance 
elements of flat, circular configuration, 
such as shown in Fig. 1. 

Low-cost wire-wound  potentiom- 
eters are made by winding resistance 
wire on a suitable form. This form 
can be a rectangular card that is bent 
into a circular shape after winding 
is completed. The movable arm con- 
tacts the winding either on the width 


or the thickness dimension. In some 
instances, the resistance wire is wound 
on a long, thin wire or rod form 
which is formed into the required cir- 
cular shape after winding is complete 
The form must be insulated. This 
type of winding is known as the violin- 
string or Kohlsrausch construction. 
Electrical characteristics obtainable 
in conventional low-cost units are con- 
trasted in Table I. Note that choice 
is restricted in certain ranges. For 
example, the choice above 100,000 
ohms is only between deposited carbon 
and composition, while dissipation 
over two watts dictates the use of a 
wire-wound construction. Although 
no potentiometers offer particularly 
good high-frequency performance, the 
table indicates that the wire-wound is 


Propuct ENGINEERING — OcToseErR, 1952 


poorer than the composition and de- 
posited carbon types. A fact not evid- 
ent from the table is the availability 
(usually on special order) of de- 
posited carbon and composition types 
with one or two fixed taps at various 
locations on the resistance element 

The manner in which the resistance 
between the tap or slider terminal and 
one end terminal varies as a function 
of tap position is known as the taper 
of a potentiometer. Many tapers are 
possible with deposited carbon and 
composition potentiometers Son 
standard taper curves are shown in 
Fig. 2 to illustrate the characteristics 
that can be obtained. 

Wire-wound tapers present special 
problems, since any departure from a 
linear relationship involves changing 
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wire size at some point in the winding 
One such change is the limit 
in most commercial lines of poten 


process 


tiometers. In Fig. 3 are reproduced 
sample curves obtainable for a two 
watt unit Aside from resistance 
variation due to taper, there is th 
problem of obtaining the exact total 
resistance desired in the resistance 
element itself. Tolerances on com 
mercial low-cost potentiometers run 
as high as 30 percent, particularly 
above 100.000 ohms. 

The majority of low-cost poten- 
tiometers are arranged for single-holi 
mounting in a a panel or chassis. The 
mounting comprises a threaded bush 
ing (§-32 NEF-2) passing through 
the body of the potentiometer housing 
(Fig. 4). The bushing serves as a 
mounting and a shaft bearing 

Also visible in Fig. 4 is the stamped 
metal housing generally furnished on 
low-cost potentiometers. This is se- 
cured to the insulating base by ears or 
tabs. While this type of housing 
affords little protection against mois 
ture, fungus, and similar environmen 
tal effects, the requirements of con- 
sumer goods applications are satisfied 
and cost is kept reasonably low 


Deposited carbon and composition 
potentiometers may measure as much 
as 1} in. in diameter and § in. deep 
in the circular body portion. With 
the postwar trend toward miniaturiza- 
tion, however, two 2-watt potentiom- 
cters measuring only 14 in. diameter 
by 4 in. thick have become available. 
In addition; miniature types have been 
developed. One model capable of 
handling 4 watt is only $ in. diameter 
by 7/16 in. deep. A miniature dime- 
size unit is shown in Fig. 5. The pro- 
tective housing serves as the actuating 
knob. Now a common component of 
hearing aids, it is finding application 
in miniaturized military equipment. 


The resistance element of potenti- 
ometers is frequently held in place by 
clamps at the ends. This is particu- 
larly true of wire-wound potentiom- 
eters, where the resistance wire, being 
non-solderable, can be contacted only 
by crimping a contact clip over the 
ends of the wound form. The contact 
arm rides up on the clip after it reaches 
the end of travel on the resistance 
element. When on the clip, however 
movement of the arm does not vary 
the resistance Consequently, thi 
angular travel of the contact arm is 
less from an electrical standpoint than 
from a mechanical standpoint. In th 
case of composition potentiometers 
for example, the total 
travel may be 
300 deg, while the corresponding 
effective electrical rotation amount to 


mechanical 
between 260 and 


168 


banna Sy 













Resistance wire 


Universal pivoted 
metal -graphite 
contact 


Tempered steel 
contoct orm 


Ceramic PREE 


Compression spring 


Fig. 10 


Fig.7 


PR Mallory & Co,inc 


Vitreous ename/ 


Ceramic core 
ond base 


Shunt pigtai! 


Non -turn 


=< projection 


Large slip ring 


Ohmite Mfg Co. 


Fig. 7—In this new design, potentiometer body is indented to support second bearing 
for operating shaft. Conventional units use one bearing so shaft is more liable to 
misalignment. Fig. 8—Multiple-section potentiometer comprises three units mounted 
on a single shaft. Any number of units can be ganged and on-off switches added. 


a total of only 240 to 280 degrecs. 

Voltage breakdown is sometimes of 
importance, as in selecting focus and 
brilliance controls for cathode-ray 
tubes. Since rated breakdown voltage 
is usually about 1,000 v for radio-tele- 
vision types and 500 v for military 
applications, it is the practice to in- 
sulate the potentiometer bushing and 
shaft from the chassis of the appara- 
tus. For uses of this sort, insulating 
couplings such as the one shown in 
Fig. 6 are available. or shafts made 
of insulating material such as nylon 
may be obtained. 

A recent development in low-cost 
potentiometers is the model diagram- 
med in Fig. 7. The rear cover is 
ndented to provide a bearing surface. 

The increasing use of electronic gear 
under severe vibration conditions has 
led to the introduction of high-torque 
potentiometers. Although more force 
on the shaft is required to set one of 


these models, vibration is unlikely to 
alter the setting accidentally. Some 
of the smallest potentiometers are now 
available in high-torque versions. 
Multiple-section models of low-cost 
potentiometers are readily available. 
Some of these can be assembled in the 
field. In multiple-section potentiom- 
eters, two or three units are ganged 
in tandem for actuation from a com- 
mon shaft. A triple potentiometer, 
with a-c switch attached, is shown in 
Fig. 8. A recent trend has been to- 
ward the design of interchangeable 
composition and wire-wound units for 
ganging, thus affording the widest 
possible variety of multiple controls. 
Also, a number of miniature potenti- 
ometer lines are now available in dual 
and even triple versions. The dual 
wire-wound trimmer model shown in 
Fig. 9 is capable of dissipating three 
watts per section, yet measures only 


% in. in diameter by % in. in depth. 
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PR Mallory & Co,inc 


Fig. 9—Dual wire-wound potentiometer dissipates three watts 
per section. Yet each unit measures only $ in. diameter by } in. 
deep. Fig. 10—Construction of wire-wound, power-type rheostat. 
Note slip ring for current transfer, and overtravel stop. 


Group II Potentiometers 


Where powers from 25 to 1,000 
watts must be dissipated, the use of a 
ae potentiometer is in- 
dicated. Though carbon pile models 
are available, the wire-wound type is 
more commonly specified. 

The construction of a wire-wound 
power potentiometer is shown in Fig 
10. A flat ribbon of resistance wire 
is wound on a circular ceramic core of 
rectangular cross-section. The ends 
of the winding are secured in place 
by clamps that have integrally-formed 
lugs for making connections. This 
assembly is cemented to a ceramic base 
plate with vitreous enamel, which also 
coats most of the exterior surface of 
the wound core to protect and insulate 
the wire. 

Still another construction for power 
type potentiometers is enclosed in a 
double-walled ceramic case. This 


ni form wind ng 
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| | | 
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Fig. 12 


serves as a foundation unit to receive 
the resistance element, which com- 
prises resistance wire wound on an 
insulated metal core. A cold-setting 
inorganic cement secures the winding 
in place. The contact-making brush 
is of graphited-copper, mounted in a 
cradle-type arm. This brush, or shoe, 
contacts both the winding and a collar 
ring and provides a short conduction 
path. 

The brush is one of the important 
portions of powcr-type potentiometers, 
as proper brush design is a factor in 
preventing wear. In addition to the 
types already illustrated, the hinged- 
arm type shown in Fig. 11 is avail- 
able. This type has the advantage of 
allowing easy replacement of the brush 
without danger of altering its pressure 
on the winding. 

Power-type resistors are made in 
resistance values as low as 0.5 ohms 
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Fig. 11—Brush is a prime wear point in power potentiometers. 
Hinged brush arm (above) makes for easy brush replacement. 
Fig. 12—Curves showing the contrast between tapered and uni- 
form winding. Section tapers are achieved by varying wire size 


and as high as 10,000 ohms. Phys: 
ally, resistors of the power class rang 
from 1 9/16 in. diameter for th 
25-watt size to about 12 in. in dian 
eter for the 1,000-watt size. 

Tapered windings are available in 
power-type potentiometers, just as in 
the low-cost classification Tapered 
windings are produced by varying th 
spacing between turns of a given wir 
size or by using as many as five sizes 
of wire for various portions of the 
winding. The availability of power 
type rheostats using more sections of 
different wire size than those in the 
low-cost classification was brought 
about by the demand for motor control 
rheostats producing a linear relation 
ship between motor speed and knob 
position. Tapered windings are a! 
used where a high current must be 
passed at low resistance settings. In 
Fig. 12, some of the curves obtainable 
in tapered power-type resistors are 
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ntrasted with that of a uniformly 
wound unit, 
Power type potentiometers are su; 
plied with many of the features avail 
ible in low-cost potentiometers. They 
may be ganged with the aid of specia! 
brackets. Coaxial-knob controls em 
ploying concentrically-mounted units 
of different sizes may also be had 
This construction is useful where panel 
pace must be conserved or where the 
smaller control is to act as a vernier 
or the larger. External-circuit 
witches may also be operated by 
power-type rheostats For example, 
1 toggle switch may be actuated at the 
id of travel by an arm rotated by the 
ontact-arm shaft of the potentiom- 
An additional tap for switching 
purposes may be included on the 
winding core. Optionally, the tap may 
omitted to provide a dial-off posi- 
ion. Many shaft variations, such as 
screwdriver-slotted shafts, may also be 
obtained in potentiometers of the 
power type 


Group III Potentiometers 


Potentiometers belonging to this 
group possess high accuracy and sta- 
bility. Most applications of precision 
potentiometers involve the measure- 
ment of some quantity—either of the 
position of a movable object in a mech: 
anism, or, by physical analogy, of some 
factor ina computation. 

Because of the nature of these appli- 
cations, accuracy is of paramount im- 
portance Accuracy is achieved by 
careful design, precision machining 
and the use of the most suitable mate- 
rials for each purpose. One manufac- 
turer holds the diameter of shafts and 
pilot bushings to a tolerance of 

+ ().0000, 0.0005 inch. Though 

plastic materials like Bakelite are used 
in some cases, housings are frequently 
machined from aluminum. Shafts are 
made of stainless steel and dimen- 
sioned on centerless grinders. Pow- 
dered bronze and even ball bearings 
ure used, and great care is taken to 
nsure that the shaft is concentric with 
the resistance element 

Precision pot ntiometers are almost 

versally of the wire-wound type 
und of either single-turn or multi-turn 
helical units. To the first class belong 
the large-diameter units of the sort 
illustrated in Fig. 13. These are about 
five inches in diameter and are avail- 

ble in resistances from 10 ohms to 
300,000 ohms, with a five-watt rating 
Smaller units usually permit ganging 
In some cases as many as 20 units may 
be driven in tandem by a single shaft 
Newer designs allow linear units to 
be ganged with non-linear ones 

One shortcoming of the single-turn 
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Fig. 13—Single turn precision potentiometers. Brush passes over looped resistance Fig 
wire, which is concentric with shaft. Fig. 14—Miniaturized helically-wound potenti- om 
ometer measures only 4 x 1} in. Contact arm moves along helical spiral of wire. act 
Fig. 15—Special dial is required for helically wound units. Above shows both angular un 
position and turn location of the contact arm. tri 
type of precision potentiometer is the ing length of 43.5 in. for all models i 
large diameter required to accommo- and secures variations in resistance Fi 
date a wire of reasonable length and value by proper choice of wire size th 
therefore of adequate resolution. This and alloy. A 
has led to the development of a new A recent trend in helically-wound is 

type of potentiometer having a number potentiometers is the miniaturization 

of turns arranged in a helix, which is of the earlier forms of these units. 

coaxial with the shaft of the potentiom- The model shown in Fig. 14 has a 
eter. The wire is usually disposed like body measuring only } in. diameter q 
a spiral spring inside an insulated and 1§ in. long, but it affords a reso- n 
housing and the contact arm is ar- lution of about 0.015 percent in the a 
ranged to follow the resistance element 50,000 ohm size, and will withstand sl 
in the same manner as a streetcar 1,000 v to ground. A bearing is pro- t 
trolley follows an overhead cable. vided at each end of the shaft, and t! 
Helical potentiometers may be had the unit is completely sealed against a 
with resistance values ranging from dust. A unit of one in. diameter by e 
10 ohms to 1 megohm, a resistance one in. deep made by another manu- i c 
tolerance of + five percent and a facturer is rated at 14 watts in resist- l t 
linearity tolerance of +0.05 percent. ance values from 100 to 50,000 ohms. i ‘ 
Models are available having three to One of the largest helical potentiom- i | 
40 turns on the helix with correspond- eters made is a 20-watt model which i i 
ing winding lengths from 134 to 373 measures 34 in. by 6 in. deep. Helical i s 


in. Another manufacturer uses a wind- 


potentiometers require special dials, 
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Fig. 16—A-c or d-c voltages can be changed or modulated to 
any desired wave form by means of a potentiometer. Wire is 
actually arranged in a circle. Fig. 17—Resistance wire of this 
unit is arranged to produce a logarithmic wave form. Hyperbolic, 
trigonometric and square-root functions are also obtainable. 


Fig. 15, because it is necessary to locate 
the contact arm not only as to angular 
position but also as to which turn it 
is resting on at a given time. 


Applications 


Precision potentiometers are fre- 
quently used as mechanical amplitude 
modulators. One circuit for such an 
application is shown in Fig. 16. The 
shaft is driven by a motor, either con- 
tinuously or with a reciprocating mo- 
tion. In the former case, the contact 
arm must be arranged for continuous 
rotation through 360 deg, in which 
case the winding may likewise be con- 
tinuous or may have an interruption 
of only a few degrees in the neighbor- 
hood of 360 deg. The waveform of 
the voltage obtained between the tap 
of the potentiometer and ground thvs 
depends on the resistance taper of the 





haf 
uve f 


Siip-ring brushes f 
ard brush-arms 


with shaft. Fig. 19 


potentiometer winding 

Mechanical modulators usually em- 
ploy potentiometers having a non 
linear taper. Readily available tapers 
include those which produce logarith- 
mic, hyperbolic, square-root and trig 
onometric functions. The potentiom- 
eter shown in Fig. 17, for example, 
has a winding form shaped to produce 
a 50 db logarithmic function with a 
resistance of 15,000 ohms + five 
percent, using an external defining re- 
sistance of 47.4 ohms in series. This 
particular model has stops to limit the 
effective electrical rotation to 320 deg 
and is therefore used where driving 
motion is of a reciprocating nature 
As shown in the illustration, this taper 
is produced by winding the resistanc 
wire on a shaped winding card o! 
mandrel. The slope of characteristics 
obtained by this method is limited by 
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Bakelite rotor, fastened to 
shot? of potentiometer, 
carrying the wire-wound 
resistance card 


Resistonce wire, wound 
linearly on bowed 
borelite card 


Fig. 18—Card-type potentiometer is widely used in computer 
servos. Resistance wire is mounted on card or form that rotates 
In differential-type unit, both shaft and body 
can be rotated independently. Fig. 20—Use of potentiometer 
as the pick-up element in a remote positioning servo. 


the tendency of the wire to slip when 
the winding form has too sharp 
slope. Taper slopes are ordinarily 
limited to ratios of 200 to 1 and up to 
slopes as high as 1,000 to one. 
External loading of a linear poten 
tiometer adversely affects its linearity 
This is an advantage, however, wher 
non-linearity is desired. Potentiom- 
eters are available having as many as 
60 adjustable taps to which shunting 
resistances may be connected to pro 
duce almost any desired taper. On 
model, for example, is available in ri 
sistance values from 10 ohms to 200 
+0.025 
to conforn 
+0.025 percent of 


000 ohms, has an accuracy of 
percent and may be made 
within +0.01 to 
a desired curve 
The non-linear potentiometer shown 
in Fig. 18 is of interest because it 
furnishes both sine and cosine outy 
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id has an unusual configuration. The 


resistance wire 1s wound on a squar 
plasti Ca arranged to be rotated 
by the shait. Slip rings and brushes 
are provided for connection to the 
ends of the winding. Four fixed 
brushes spaced 90 deg apart trace a 
circular path on the card. If a fixed 
voltage is now applied across the wind- 
ing, the voltage picked up by one ot 
the brushes varies as the sine function, 
because the path necessary to produce 
this function is circular. The next ad- 
jacent brush, since it is 90 deg dis- 
placed, produces the cosine function. 

Other paana functions may 
be obtained in potentiometers of this 
type by varying the path traveled by 
the brush relative to the winding. It 
is, Of course, possible to rotate the 
brushes and keep the card stationary. 

The use ot potentiometers in analog 
computers has led to the development 
of the type shown in Fig. 19. This 
employs a linear winding and both 
the resistance clement and the shaft 
are independently rotatable through 
360 deg. Connection is made to the 
salen e element through slip rings 
molded on the body. With this ar- 
rangement, the output voltage is pro 
portional to the sum or difference of 
the angular movements of both body 
and shaft. This type, known as a 
differential computing potentiometer, 
is available in values up to 150,000 
ohms, and is rated at five watts. 

In addition to their use as elements 
of computers, precision potentiometers 
are also used as position transmitters 


G.M. Giannini & Co 
OE PEE a 


Fig. 21—Tiny potentiometer mounted at rear of an indicating in- 
strument such as an altimeter. Potentiometer transmits reading to 
remote indicator, computer or recorder. Fig. 22—Bridge circuit is 
commonly used in potentiometer information transmitting sys- 
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The mechanical amplitude modulator 
may be considered a use of this sort. 
In the main, however, position trans- 
mission is usually thought of as the 
conveying of information to a remote 
point where the position involved is 
changed at irregular times. 

The d-c Selsyn system diagrammed 
in Fig. 20 is an example of reporter- 
type positioning. The transmitting 
potentiometer has a continuous 360 
deg ring, or toroidal, winding tapped 
at 120 deg intervals, and is fed from 
a battery by two brushes insulated 
from each other and located 180 deg 
apart. The receiving indicator is based 
on Gramme ring principles, with a 
continuous coil also tapped at 120 deg 
intervals, the taps being connected to 
corresponding points on the potenti- 
ometer. A cylindrical permanent 
magnet forms the rotor of the receiver. 
The results obtained are comparable to 
those achieved with synchro trans- 
mitters and are available at lower cost. 

Tiny potentiometers have been de- 
veloped with operating torques as low 
as 0.003 in.-oz. This low torque, 
which is achieved by precision fitting 
and the use of jewel bearings, permits 
such potentiometers to be mounted on 
the glass bezel of dial indicating in- 
struments. The shaft of the potenti- 
ometer, Fig. 21, is mechanically linked 
to the needle of the instrument, thus 
forming a position transmitter. 

Potentiometers compete as informa- 
tion transmitters with variable trans- 
formers (selsyns), variable capacitors 
and photoelectric devices. 
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A circuit employing a potentiometer 
as a command transmitter is dia 
grammed in Fig. 22. A transmitting 
potentiometer and receiving potenti- 
ometer are connected in a bridge cir- 
cuit, with a differential relay connected 
to the movable taps and a source of 
d-c connected on the other diagonal 
of the bridge. The receiving potenti- 
ometer is mechanically coupled to the 
shaft of the motor whose position is 
to be controlled and the contacts ot 
the differential relay are connected to 
control the motor direction. The dif- 
ferential relay is of the type having 
a center-off position. In operation, the 
bridge is unbalanced when the trans- 
mitting potentiometer 1S placed in a 
desired position. The differential 
relay then closes and drives the posi- 
tioning motor in a direction which 
will cause the receiving potentiometer 
to rebalance the bridge. When this 
condition is reached, the differential 
relay moves to its center-off position, 
thus stopping the motor until the 
bridge is again unbalanced by move- 
ment of the transmitting unit. 

In some cases it may be desired to 
transmit information about the posi- 
tion of a member capable only of 
straight line motion. To avoid the use 
of a rack and pinion or similar motion 
converting apparatus, the translatory 

tentiometer shown in Fig. 23 may 
~ used. Such potentiometers are usu- 
ally supplied with linear characteris- 
tics on are therefore useful in study- 
ing high-amplitude displacements and 
low frequency motion or vibration. 


r ter = 


Micro 
positioner 
coil 





tems. Positioning motor acts to keep bridge balanced. Fig. 23— 
Translatory potentiometer is arranged for straight line rather 
than rotary movement of the contact arm over the resistance wire. 
Such units are usually designed with linear characteristics. 
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Fig. 1—Rod end with anti-friction bearing. Load is assumed to be applied at 
a 9 deg rotation of the rod end when checking critical section in bending 


Structural Analysis 
Of Control Rods 


Design procedure for determining the adequacy of the structural strength of 
control rod ends in low speed and intermittent service applications. Strength of 


rod end shanks with anti-friction bearings and with spherical bearings. Column 
allowables for control rods. 


F. M. HOBLIT 


Structures Engineer, Lockheed Aircraft 
Corporation 


ALTHOUGH CONTROL RODS are composed of simple struc- 
tural elements, the occurrence of failures in service indicates 
that certain precautions should be taken in their analysis. 
Since most of the failures have occurred in the rod ends, 
this discussion deals chiefly with providing adequate 
strength of the rod ends. The methods given herein are 
in some instances rather arbitrary, but avoid undue labor 
in analysis and lead to satisfactory design. 

For rod ends with anti-friction bearings, the manufac- 
turer's static non-Brinell rating is both the static load that 
the bearing can withstand without damage to its service- 
ability as a bearing and the load under which the anti- 
friction bearing will operate satisfactorily at the low speed 
and intermittent service encountered in rod-end applica- 
tions. For the capacity of an anti-friction bearing to be 
adequate, therefore, the only requirement is that the static 
non-Brinell rating not be exceeded by the design yield load, 
which is the load obtained by multiplying the limit load 
by the yield factor of safety. 

For spherical bearings, manufacturer's ratings should be 
used only as an indication of static strength. To assure 
serviceability under conditions of relative motion, the 
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Beam column analysis for control rod ends. 


bearing pressure (based upon the nominal bearing areca 
given by sphere diameter times width of race) should be 
checked and should not exceed 10,000 psi at an applied 
load obtained as the product of the maximum load that 
can occur during relative motion and the yield factor of 
safety. The only bearing factor that should be applied in 
using this criterion is a factor of 1.25 when the bearing 
is subject to shock or vibration during motion. 

The load that a spherical bearing will carry statically 
without damage to the bearing can ordinarily be assumed 
to be equal to or greater than the manufacturer's rating if 
such rating is given on a ‘‘limit-load’’ basis, or % the 
manufacturer's rating if given on an ultimate basis. Such 
load must not be exceeded by the design yield load (limit 
load multiplied by the yield factor of safety). 


Strength of Rod End Shanks 


WitH ANTI-FRICTION BEARINGS. Because of manufactur- 
ing tolerances, eccentricities can always exist in control rod 
assemblies, and bending moments therefore are present 
The critical section in bending in the rod end should be 
checked at ultimate applied load by assuming a 9 deg 
rotation of the rod end as shown in Fig. 1. The 9 deg 
angle is assumed to be the result of a 14 deg of toleranc 
build-up, which is caused chiefly by angularity in machining 
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Fig. 2—Rod end with spherical bear- 
ing. Load is assumed to be applied 
eccentrically to center of bearing as 
a result of friction between bearing 
and rim of rod end. 


Fig. 3— (A) Assumed shape of initial deflection, curve 
used in “a beam column analysis. (B) Typical flash 
welded construction. (C) Typical riveted construction. 





the transition piece and attaching it to the tube, and a 
beam-column magnification factor of 6 


Where 
fe == ultimate applied axial stress, psi 
f, = ultimate applied bending stress, psi 


Fy = Compressive yield stress, psi 

Fsu = modulus of rupture 

P = applied load, Ib A 

l = distance from center of bearing in rod end to lock nut as 

shown in Fig. 1, in. 

M = applied bending moment, lb in. 

D = nominal diameter of thread on rod end, in. 
ind from the geometry shown in Fig. 1, the applied bend- 
ing moment is given by 


M = 0.157 Pl 


and the interaction equation to be used i 
critical section of the rod end in bending is 


(fe/Fey) + (f0/Fou) = 1 


The position of the critical section is determined by the 
length of thread engagement and the thickness of the jam 
nut. The latter is ordinarily equal to 0.5D. The length 
of engagement should be controlled | by an inspection hole 
in the transition piece and should be at least 1.0 D, with 
1.25 D desirable. For analyzing the rod end shank, how- 
ever, it is conservative to assume the engagement to be 
1.0 D in all cases 

The foregoing method of analysis is never unconserva- 
tive; it is recommended for all ordinary applications. A 

ore refined method of analysis which may be resorted 
to when it is necessary to justify a higher allowable load 
for the rod end than given by the foregoing method, 
given later in this article 

Male rod ends, such as shown in Fig. 1, are the recom- 


n checking the 


mended arrangement. Female rod ends should be avoided 
chiefly because the critical section then occurs in the transi- 
tion piece much farther from the pin, so that the bending 


moment is greater. If female rod ends must be used, 
check for bending should be made similar to that for male 
rod ends. When threaded rod ends can be avoided alto- 
gether, as when length of adjustment is not necessary, it 
is desirable to do so 

For both external and internal threads, points of stress 
oncentration in the rod end fittings should be avoided 
by use of thread relief and relief radii. The transition fit- 
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ting should have a taper to reduce stress concentration in 
the rod end shank where it enters the fitting. 

Where the control rod, or the surface it controls, is 
subject to vibration, flutter or buffeting, special considera- 
tion should be given to the design of the rod. The natural 
frequency of lateral vibration for all control rods on 
reciprocating powered airplanes should be determined to 
preclude synchronism with the engine speed. 


WITH SPHERICAL ENps. The previous discussion on rod 
ends with anti-friction bearings, applies in full to rod ends 
with spherical or other plain bearings except that the 
geometry is as shown in Fig. For ends with spherical 
bearings, where 

d = diameter of bearing sphere, in. 
the applied bending moment is given by 

M = (0.154 + 0.151) P 


This equation is based upon an initial angularity 6 equal 
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o 1.5 deg, a coefficient of friction of 0.3 resulting in an 
end eccentricity of 0.15 d, an overall beam column magni- 
fication factor of 


H Eii = 3 
1 — (P/ Pe) 


and proportions of the rod assembly as a whole such as 
to give the most severe beam column action in the rod 


end. 
Allowable Column Load 


In determining allowable column load for either type of 
control rod, it is permissible to treat the rod as a column 
of uniform EJ equal to that of the center portion if 
unthreaded rod ends or male rod ends are used and the 
tube itself is of constant section (so that the region of 
reduced section is very close to the ends) and if the 
axial stress in the rod ends is in the elastic range. Other- 
wise the rod should be treated as a stepped column, obtain- 
ing P., using the method described in NACA Technical 
Memorandum 861. 

To limit the beam-column magnification factor to the 
values 6 and 3, which were assumed in the foregoing dis- 
cussion, it is necessary to provide excess column stiffness 
Column adequacy must therefore be checked by using a 
reduced column allowable obtained from the Euler column 
formula using an effective value of L/p given respectively 
by: 

"i rod ends with anti-friction bearings and a beam 
column magnification factor of 6 


(L/p)es¢ = 1.1 X (the geometrical L/p) 


For rod ends with spherical bearings and a beam column 
magnification factor of 3 


(L/p)ese = 1.23 X (the geometrical L/p) 


When the rod is treated as a stepped column, the equi- 
valent procedure is to obtain P,, using effective values of 
I given respectively by: 

For rod ends with anti-friction bearings and a beam 
column magnification factor of 6 


Ist = (1/1.2) X (the geometrical /) 


For rod ends with spherical bearings and a beam column 


magnification factor of 3 


Tagg = (1/1.5) X (the geometrical / 
The effective value of P 
an allowable axial load. 


, thus obtain 


Beam Column Analysis for Rod End Only 


The methods of analysis given in pr 


prec ding paragraphs 
are to some extent arbitrary and approximate, chiefly 
because the rod end is considered separately from the rest 
of the column. For the rod end, the methods are never 
unconservative and frequently are very conservative. Wher: 
a more laborious calculation is justified, a beam column 
analysis may be made for the actual geometry of the control 
rod assembly. Such an analysis should usually be mad 
for rod ends of 4 in. and larger pin siz 

In a beam column analysis, the initia! deflection curs 
should be assumed to have the shape shown in Fig. 3(A) 
This shape accounts for the worst eccentricities and angu 
larities in typical construction. If unusual eccentricities ar 
known to be present, the initial deflection curve should b 
modified to suit. 


The letter symbols used in Fig. 3 are defined as follows 
6, = 1% deg. = 0.0262 radians 
fa = 0 0262 h 
h = 0.75 ls, where l, is measured to the centermost source of 
anguiarity in the assembly: as shown in the two typical 
designs Figs. 3(B) and 3(C). Initial curvature of the 
tube is neglected. 
¢; = 0 for anti-friction bearings 
¢, = 0.15 d for spherical bearings, where d is diameter of the 
bearing sphere (to account for bearing friction, with a 
coefficient of friction of 0.3) 
asata 
For the initial deflection curve shown in Fig. 3(A) 
bending moments in the rod end at any distance from th 
center of the bearing (including the critical section) 
given with good accuracy by the approximate formula 
5 
M = P Í a + [0.0262 + 4.93 (m—1) (a/L)} 1) 
W here 


l 
1 — (P/ Pe 
in which P,, is obtained using the tar 


m = 


Fig. 5—Charı for finding the position of the rim section at which the load 
changes from pure hoop tension to combined tension, bending, and shear. 
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responding to the applied load P. 

For other shapes of initial deflection curve, or if the 
moment of inertia is not substantially constant, the fol- 
lowing more accurate analysis should be used. 

1. Assuming the member to be rigid, compute bending 
moments, and plot an M/EI diagram. 

2. Using the graphical method given by Niles and 
Newell (‘Aircraft Structures”, 3rd Ed., Vol. 1, pp 
249-252), obtain the deflections throughout the member 
resulting from the M/EI diagram obtained in Step. 1. 

3. Multiply these deflections by 


1 - 
1 — (P/ Pæ) 


(in which P,, is obtained using the tangent modulus cor- 
responding to the applied load P) and add to the original 
initial deflection curve to give the final deflected shape of 
the member 


i. Obtain final moments by statics. 

Whe re 
elastic bending stress resulting from the moment obtained 
in Step 4 

Fue modulus of rupture 

f applied axial stress 

Fy = compressive yield stress 


the ultimate margin of safety for shank bending is 


‘ l 
MS RIES FOJE T! 

The preceding beam column analysis should be applied 
only to the rod end (or to the transition fitting if it appears 
to be critical). In no event should the beam column 
analysis be used to obtain margins of safety for the tube, 
as the conservative assumptions introduced into the anz alysis 
to provide rod ends of adequate strength would frequently 
lead to excessive weight of tube. The use of an effective 
L/p in checking adequacy as an Euler column will assure 
adequate tube strength in all ordinary cases. 


Lug Strength 


The amount of material required around the bearing of 
i rod end to prevent tension or shear tear-out failure under 
tension loading of the rod should be checked by the usual 
cthods of lug analysis (see “Analysis of Lugs and Shear 
ins Made of Aluminum or Steel Alloys,” F. P. Cozzone, 


M. A. Melcon, and F. M. Hoblit, PRopuct ENGINEERIN¢ 
May 1950, p. 113). 

Sharply necked rod ends, such as shown in Fig. 4(A 
should also be checked for bending at the juncture of tl 
shank and rim, in Fig. 4(A) this juncture is designate 
section 3, by the following procedure. In Fig. 4 all angl 
are in degrees. 

. Compute / and A for section 1, Fig. 4(A) 
Compute L = wr [(90 + B)/] 

Compute K = (L1)/(A r*) 

. Enter graph Fig. 5 with K and £, then find a and - 
where y = B - 

5. Compute pune hoop tension at section 2, Fig. 4(B) 
from 


T: = P/(2 cos a) 


AV N m 


6. Compute loads at section 3, Fig. 4(B), from 


T: = T: cos y 
S = T: sin 7 
M: = Tyr (1 — cos y) 


This procedure has been derived theoretically, assuming 
a rigid pin and assuming that the increase in length around 
the rim is given by a tension load T, acting upon a member 
of length L. Within the elastic range, this procedure gives 
results in close agreement with tests; for example, in check 
ing stresses resulting from fatigue loading against fatigue 
allowables. 

At ultimate load, this procedure can still be used, but 
will be conservative, where 


R, = [M;/(I ‘y)3)/F ow 
Ry = (73/As)/F iw 
R, = (S3/A3)/Feu 


this procedure should be used in conjunction with the fol- 
lowing interaction equation: 


(Ry, + R,)?+ R= 1 
whence 


1 
MS= "N(R TR | 
In addition to an analysis at section 3, if the minimum 
section of the ring is less than the area of section 3, the 
minimum section should be checked for pure hoop tension 
stress with the applied hoop tension load taken equal to 
Tə as obtained from Step 5 in the foregoing procedure. 





Stretch Forming Reduces Acrylic Crazing 


WHILE ACRYLIC PLASTIC GLAZING has 
been used extensively because of its 
good weathering and optical proper- 
ties and its ease of fabrication into 
h ip or compound curvature, its most 
crious limitation has been the 
tendency to craze under stress, 
specially in the presence of organic 
solvents. Recent investigations at the 
National Bureau of Standards have 
indicated that prestretching the mate- 
rial may improve crazing resistance. 

NBS discovered that although biax- 
ially stretch forming the acrylic plastic 
50 percent did not affect the tensile 
strength or secant modulus of elastic- 
ity in tension, it did increase the elon 
ration at failure from approxmatcly 
10 percent to about 60 percent. 
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In addition, the broken tensile 
specimens of the formed pieces have a 
laminar character unlike the unformed 
material. The fracture surface on each 
of the broken specimens shows that 
there is a small mirror-like area ori- 
ented perpendicularly to the tensile 
load. They concluded that fracture 
begins in the mirror area which is 
an extension of a crazing crack. 

Biaxial stretch-forming increases the 
threshhold stress for stress-solvent 
crazing with benzene about 75 percent 
for both general-purpose and heat- 
resistant grades. And the crazing 
cracks are finer and more closely 
spaced than unformed samples. 

In long-time tensile loading tests 
(100 hours), the threshhold stresses 
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for crazing are boosted from 40 to 
50 percent by forming. 

In designing to take advantage of 
improved craze resistance and tough- 
ness, in acrylic enclosures as the result 
of stretch forming, there are two pos- 
sibilities: the material may be pre- 
stretched before it is formed into 
shape, or a more highly stretched 
enclosure may be designed by form- 
ing a larger and more deeply drawn 
enclosure than required, and then 
using only the central portion of the 
formed piece. Either method improves 
craze resistance; particularly at the 
rim, where there is likely to be stress 
concentrations and where contacts with 
solvents of adhesives used to seal the 
enclosure may cause solvent crazing. 
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Glossary of Useful Nuclear Terms 


Atomic Mass Unit (a.m.u.)—1.66 x 10—24 gram. 


Electrostatic Unit (e.s..)—A charge equivalent to 2 
electrons. oe 


Electron—Negatively charged particle with a mass of 9.1 
x 10-28 gram (5.4862 x 10-4 a.m.u), a radius of 2 x 
10—13 cm, and a charge of 4.8 x 10—10 ẹ.s.u. 


Million Electron Volts (Mev)—The energy acquired by 
an electron in falling through a potential of one million 
volts; equal to 1.603 x 10—6 erg. 


Extranuclear Electrons—Electrons moving about nucleus in 
orbits; radius of orbits is about 10—8 centimeter. 


Proton—Nucleus of hydrogen atom with a positive charge 
equal to that of the electron (4.8 x 10—1° e.s.u.), a mass 
of 1.660 x 10-24 gram (1.00758 a.m.u.). 


Neutron (N)—Uncharged particle nearly equal in mass to 
the proton (1.0089 a.m.u.). 


Nucleus—The compact central portion of atoms, composed 
of neutrons and protons; radius is about 10—12 to 10—13 
centimeter. 


Positron—Positively charged particle having same mass 
and equivalent charge as the electron. 


Beta Particle—Electron emitted from nucleus of atom. 


Deuteron—Nucleus of heavy hydrogen containing a pro- 
ton and a neutron. 


Atomic Number (Z)-—-Number of protons in nucleus of 
an atom; also equal to number of extranuclear electrons. 


Mass Number (A)—Sum of the protons and neutrons in 
the nucleus of an atom. 


Half Life—Time required for one half of the atoms in a 
radioactive sample to decay. 


Decay—The change associated with the emission of radia- 
tion by a radioisotope. 

Curie—That quantity of a radioisotope which decays at 
the rate of 3.7 x 1010 atoms per second. 


ne nE ee A ba a hamt i de 
process of ionization. 


Alpha Particle—Nucleus of helium having a mass of 


4.00279 a.m.u. and a positive charge of 9.6050 x 10—10 
e.s.u. 


Gamma Ray—Very short wave length electromagnetic radi- 
tion; similar to X-rays. 


Range—That thickness of material required to absorb 


completely a particular type and energy of radiation. 


A Primer on nd 


Research programs have indicated a tremendous potential use for radio- 
active materials in the solution of many and diverse engineering problems. 
In anticipation of more general industrial application of isotopes, and the 
need for a better understanding of their characteristics, the authors have 
included in this article discussions of the following: Types of radiation, 
methods of isotope production and uses of radioisotopes in the fields of 
product testing, product control and product improvement. 


G. D. CALKINS’ 
R. L. BELCHER 


Battelle Memorial Institute 


PRIOR TO THE OPERATION of nuclear 
reactors, a few radioisotopes were avail- 
able from natural sources and cyclo- 
trons, but these materials were costly 
and available only in limited quanti- 
ties. Since World War II, the atomic 
energy programs of this country, Can- 
ada and England have produced, 
largely as by-products, a wide variety 
of radioisotopes in quantities and at a 
cost that encourages their use in in- 
dustry. 

Atoms are composed of a compact 
* Mr. Calking recently became affiliated with the 


Bendiz Aviation Corporation Research Labor 
tortes, Detroit, Mich. 
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central nucleus containing neutrons, 
protons and electrons that move in 
orbits around the nucleus. In an elec- 
trically-neutral atom, the number of 
protons and electrons are equal as is 
the case for helium and carbon in Fig 
1(A). These illustrations also define 
the mass number A, which is equal to 
the sum of the number of protons, or 
atomic number, Z, and the number of 
neutrons, N. 

Isotopes are varieties of atoms of 
the same chemical element, which have 
the same atomic number, but different 
mass numbers, Fig. 1(B). Since the 
chemical properties of all elements are 
determined by the extranuclear elec- 
tron structure of their atoms, isotopes 
of the same element have identical 
chemical properties, and therefore can- 


Ocroser, 1952 


not be se parated by chemical means 
All but 23 of the 96 elements occu 
in nature as mixtures of two or mor 


isotopes. The two naturally-occurring 


isotopes of carbon are shown in Fig 
1(B). Only difference between the 
atoms of these two isotopes is that 
Hor eg contains One more neutron 

Carbon found in nature contains 98.9 
percent carbon-12 and 1.1 percent car 
bon-13, neither of which is radioactive 

Radioactive isotopes are unstable 
forms of the elements which emit 
energy in the form of radiation. They 
are unstable because their nuclei con 
tain numbers of protons and neutrons 
in quantities such that they cannot 
form stable configurations. Fig. 1(C) 
shows two carbon radioisotopes, car 
bon-11 and -14 

The atoms of radioisotopes emit 
energy or decay at characteristic rates, 
and in so doing become more stable 
The rate of decay is exponential and 
is conveniently defined in terms of a 
half life. This is the time required 
for one half of the atoms in a par- 
ticular sample of a radioisotope to 
decay. The ‘half lives of different iso 
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topes vary from microseconds to man, 
thousands of years. For example, the 
half life of carbon-11 is 21 min and 
ol carbon-14 1s about 5,700 years. In 
the case of carbon-11, starting with 
100,000 atoms, the following decay 
schedule would be expected: 


No. of Atoms Left Time, min 


100,000 U 
50,000 j 21 
25,000 i 42 
12,000 63 
6,250 s4 


Types of Radiation 


The radiation emitted by atoms of 
radioisotopes is of several different 
types. There are alpha particles, beta 
positrons, X-rays, (K-elec- 
tron capture process) and gamma rays. 

An alpha particle is the nucleus of 
a helium atom (see Fig. 1) that has 
lost its two panetary electrons, and is 
therefore positively charged. Each 
alpha particle has two protons and two 
neutrons, a mass of 4.00279 a.m.u. 
(atomic mass unit), and a positive 
lectric charge which is numerically 
the double of the electronic charge, 
i.e., about 9.6050 x 107° es.u. (elec- 
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trostatic unit). Alpha particles are 
ejected by certain radioactive sub- 
stances (particularly the heavy ele- 
ments such as uranium, thorium, ra- 
dium) and, while the velocity, range, 
energy and the number of particles 
emitted vary according to the emit- 
ting substance, particles, emitted by a 
homogeneous radioactive substance 
have the same range and speed. Their 
velocities vary between 1.4 and 
2.0 x 10° cm per sec, their energies 
up to 10.5 Mev (million electron 
volts), according to the emitting sub- 
stance. 

While alpha particles are limited in 
range to about 8.6 cm in air (their 
penetration power is so low that a 
sheet of paper can stop them), they 
cause dense ionization in the air along 
their path—a single alpha particle 
can produce 20,000 to 40,000 ion 
pairs along its path. In the cloud 
chamber, alpha particles show straight 
tracks as illustrated in Fig. 3. 

The process of alpha emission can 
be represented by a nuclear equation. 
In the case of polonium-210, 


s Po’ - Het + s2 P% 
polonium particle lead 
alpha 
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Fig. 1—(A) Atomic structure is based on the Bohr theory of a central nucleus with 
orbital electrons. (B) Stable isotopes of carbon. (C) Radioactive (unstable) isotopes of 


carbon. 
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Mass number A is sum of atomic number Z and number of neutrons N. 


For the left hand term of this equa 
tion, the superscript 210 denotes the 
mass number A, and the subscript 84 
the atomic number, Z. Through the 
process of alpha emission, polonium- 
210 decays to lead-208, which is a 
stable isotope. 

A beta particle is a negatively 
charged particle, or electron, ejected 
at high velocity from the nucleus of 
the atom of a radiosotope when one 
of its neutrons changes into a proton. 
One and the same homogeneous radio- 
active element emits beta particles 
of different energies, velocities and 
ranges. The velocity can be very high, 
up to 99.8 percent of the speed of 
light, the energy to about 3 Mev, and 
the range to a power sufficient to pene- 
trate slightly less than 2 mm of brass 
or slightly less than a millimeter of 
lead or silver. Thus beta particles are 
more penetrating than alpha particles, 
but less so than gamma rays. Their 
ionizing power, too, is far less than 
that of the alpha particle; fast beta 
particles produce only 50-100 ion 
pairs per cm of their path, expending 
about 60 ev of their energy in each 
oe collision. The mass of 

eta particle is 5.4862 x 10* a.m.u., 
consequently the emission of a beta 
particle leaves the mass number un- 
changed, but causes the atomic number 
of the emitting nucleus to increase by 
one, and thus a net increase of the total 
positive charge of one. Beta particles 
leave crooked paths in the cloud cham- 
ber. 

The process of beta decay can also 
be symbolized as a nuclear equation. 
In the case of strontium-90, 


Sr” — a” + sy” 
strontium beta yttrium 
particle 


Here, yttrium-90 is also radioactive 
and decays by beta emission as follows: 


39 9 =>, ae + . sor” 
yttrium beta zirconium 
particle 


The strontium-yttrium-zirconium rela- 
tionship is known as a radioactive 
series in which yttrium is a radioactive 
daughter of strontium and zirconium 
is a stable daughter of yttrium. 

A positron is a sub-atomic particle 
identified as a positively charged elec- 
tron. It is exactly identical with an 
electron in atomic weight (5.4862 x 
104 a.m.u.), and its positive charge 
is equal to the numerical value of 
the negative charge of the electron 
(4.8025 x 107° e.s.u.). Positrons are 
extremely short-lived particles, capable 
of existence only while in motion. As 
soon as they come into the vicinity of 
electrons, they combine with the lat- 
ter to form gamma (annihilation) ra- 
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Fig. 2—Sixty-inch atom-smasher is the “work horse” of cyclotrons used for accelerating the lighter positive nuclear particles to pro 
duce radioisotopes. Man at right is setting the frequency of the cyclotron, while man at the rear is adjusting the ion source 


diation. Positrons are observed prin- 
cipally in cosmic radiation, and also 
in the radiation of certain unstable 
radioisotopes. 

The equations for positron emission 
are exemplified by copper-64: 

29Cu# — 1¢° + 28 N 

copper positron nickel 


and the annihilation reaction, 


o 


12° + -1¢ 
positron electron 


ia Y 


gamma ray. 


K-electron capture is a radioactive 
nuclear transformation. An unstable 
nucleus reduces its nuclear charge and 
atomic members by one to achieve sta- 
bility by drawing an extranuclear elec- 
tron from the K-shell (inner electron 
shell) into the nucleus where this elec- 
tron unites with a proton, forming an 
new neutron. To effect the transition 
from this excited stage to the normal 
state, the electron captured from the 
K-shell is replaced by an electron from 
another shell. This change is accompa- 
nied by the release of a quantum of 
radiant energy, called K X-ray. The 
same reduction of the nuclear charge, 
i.e, of the atomic number by one, can 
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be accomplished by positron emission 
Heavier nuclei have a tendency to re- 
duce their nuclear charge by K-capture, 
lighter nuclei by positron emission. 

The process of K-capture is repre- 
sented by a nuclear equation, which 
for iron-55 is, 


Fo Ho aMn” 


manganese 


A gamma-ray is an electromagnetic 
radiation of nuclear origin of very 
short wavelength emitted by the nuclei 
of certain atoms in the course of their 
radioactive decay. They have the speed 
of light, no electric charge and no 
“at rest” mass, but do have a very 
slight mass due to their motion and 
velocity. Their range, both in air and 
matter, is much longer than that of 
either alpha or beta particles, but their 
ionizing capacity is much weaker than 
that of either of the latter. Gamma 
rays produce an average of only 1.5 
ion pairs per centimeter of their path. 
As to wavelength and penetration 
power, they occupy an intermediate po- 
sition between X-rays and cosmic rays 
The wavelength of the gamma ray is 


characteristic of the element emitting 
it, and varies between 0.0466 and 3.9 
angstrom units. 

Being electromagnetic in nature and 
having zero charge, gamma rays are 
not affected by electric or magnetic 
fields. They can be detected in the 
cloud chamber because they impart 
their energies to electrons which pro 
luce secondary ionization 

Gamma radiations usually occur in 
close association with the emission of 
alpha and beta particles. They are a 
highly dangerous radiation, and dui 
to their long range and high penetra 
tion power, the importance of protei 
tive measures cannot be overempha 
sized. Exposure to any type radiation 
can destroy living cell tissues, produci 
sterility or hereditary mutations in hu 
mans, according to the dosage; and 
exposure to an extreme dosage can 
result in instantaneous death. On the 
other hand, the cell-destroying capa 
ity of gamma rays makes them suitable 
for controlled medical use in the treat 
ment of malignant growths 


No matter what the type of emis 
sion, radioisotop s should | treat 
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Production of Radioisotopes 

Radioisotoy re produced by th 
nuclear fission process (fission prod 
cts), by neutron irradiation in a nu 
lear reactor ( pile produced), or in 
nuclear accelerators such as the cyclo 
tron (cyclotron produced) 

F } produi are radioisotope S 
that are produced as a by-product of 


t} 


e€ operation of nuclear reactors 


When uranium-235 undergoes fission, 
t emits neutrons (needed for the 
roduction oil plutoniur ) and split 
nto fragments. These fragments or 
fission products are frequently radio 
sotopes of elements near th middle 

riodic table (mass numbers 
from about 72 to 162) They repre 
sent the largest quantities of radioiso 
topes produ d. Some of the impor 


tant isotopes in this group are stron 
tium-90, cesium-137 and cerium-144 


Pile-produced isotopes are obtained 
by various nuclear reactions in a nu 
clear reactor. The processes are based 
on the fact that a variety of stable iso 
topes can be converted to radioisotop 
by irradiation with neutrons. Radio 
active cobalt-60 is produced by irradi 
ating stable cobalt-59 with neutrons: 

( << gi 


Dalit j I tron cobalt - O0 


More complicated reactions are used 


to produce other radioisotopes. Nitro 
n-14 is irradiated with neutrons to 


Fig. 3—Cloud chamber tracks show the disintegration of an oxygen nuc- 
leus into four alpha particles. This reaction is produced by X-rays in a 
100-Mev betatron and high-speed photography used to show pattern. 
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produce carbon-14: 


Via i on! > eC 4 IP 


nitrogen neutron carbon proton 


Phosphorus-32 and sulfur-35 are pro- 
duced in a similar way. 

Cyclotron-produced isotopes are ex- 
tremely important because there are 
many useful radioisotopes which are 
obtainable only from a cyclotron. This 
equipment can be used to irradiate 
samples of protons, alpha particles 
deuterons and electrons. For exampl 
sodium-22 is produced from magne- 
sium, 

Mg” 4 HP — uNa + He 
magnesium deuteron sodium alpha 

particle 


Uses of Radioisotopes 


A radioisotope being a radioactive 
form of an element, when a small 
quantity of the radioisotope is added, 
the course of the parent metal or its 
compound can be traced with a Geiger 
counter or similar instrument. This 
tracer technique is one of the major 
uses of radioisotopes, and the impor- 
tant characteristic of this work is the 
sensitivity of detection which permits 
measurements to one million millionth 
of an ounce of some materials. 

Other applications of radioactive 
materials utilize the effect of the en- 
ergetic radiations on matter or the 
effect of matter on the radiations. In 
the former case, radioactivity is the 
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source of energy for activating a chem 
ical reaction; in the latter case, it car 
be used to measure the thickness ol 
sheet material. Table I is a list of 
radioisotopes and some of their ap 
plications. 

Product-Testing Applications 

Wear and lubrication. Investiga- 
tions of friction, wear and lubrication 
have become important applications of 
radioisotopes. In a study of the wear- 
ing qualities of electrical contacts, one 
of the contacts is made radioactive 
with an isotope of the base material 
The quantity of radioactive material 
transferred to the non-radioactive con 
tact is a measure of the amount of 
wear. An important factor in this type 
of test is that wear between two elec- 
trodes constructed of the same metal 
can be evaluated in a simple, yet ac 
curate manner. 

The wearing qualities of protective 
coatings, such as waxes and paints, 
can be tested in a similar way. A small 
amount of a suitable radioactive iso- 
tope is mixed with the protective coat- 
ing which is applied to the test speci 
men. The amount of coating material 
removed during simulated conditions 
of wear is then measured. 

In evaluating the efficiency of lubri- 
cants, metal parts, such as bearings, 
shafts and gears, being protected by 
the lubricants are “labeled” with the 
radioactive isotope of the metal in- 
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Fig. 4—Accelerated wear test of automobile tire tread. 
Beta-emitting Phosphorus 32 in tire track left on 
asphalt pavement after rapid stop shows abrasion 


PropucTt ENGINEERING — OCTOBER, 1952 








À 
4 
i 
































n 













AN hae woth 8 a Hi gk 


volved. The amount of metal detected 
in the oil system is a measure of the 
ffectiveness of the lubricant. This ts 
a very good illustration of the much- 
publicized tracer technique. 

Similar techniques may be developed 
for the many products constructed or 
coated with metal, rubber, plastics or 
paint. The advantages of such tests 
are that extremely small quantities of 
wear can be detected, and prolonged 
tests are not required to evaluate wear 
and lubricating qualities. 

Radiography. X-ray machines have 
had wide application in nondestructive 
test methods for locating flaws and 
foreign objects in a variety of products. 
The gamma rays emitted by cobalt-60, 
for example, are similar to X-rays and 
can be used in place of X-rays for 
some radiographic tests. The advan- 
tages are that gamma rays are more 
energetic and penetrating than the 
X-rays available in many laboratories 
and that sources of the radioisotopes 
are smaller than X-ray tubes, thus eas- 
ing placement of the source inside 
small parts. For many applications, 
radiography with radioisotopes is more 
satisfactory and less costly than other 
methods. 

Motion Studies. It is possible to 
study the motion of solids, liquids and 
gases by means of radioisotopes. The 
motion of a concealed part in an en- 
gine can be studied by attaching a ra- 


Fig. 5—Two radioactive thickness gages continuously monitor sheet stock during processing. Strontium 80 is the source material 
from which beta particles radiate upward through sheet to detectors. Recorder tallies counts in terms of thickness. This method 


of nondestructive testing is being used more and more for reducing cost of producing many different types of material 
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dioactive source to the part. Through 
the use of a radioisotope that emits 
penetrating gamma rays, it 1s possible 
to locate and measure the motion of 
the part through several inches of 


metal. 


The flow of liquid through a com 
plicated system of pipes, for example, 
water through boiler tubes, can bi 
traced with radioactive materials. For 
studies of this type, a small quantity 
of a soluble form of one of the radio 
isotopes is added to the inlet stream 
The position and rate of flow of the 
radioactive liquid through the tubes is 
then determined. 

Radioactive techniques should prov: 
valuable for checking the efficiency of 
laundry equipment. Standard tests in- 
volving fabrics soiled with radioactive 
dirt could be devised to measure clean 
ing efficiency as a function of equip 
ment design. 


Similar application of radioisotopes 
is possible in the case of gases. Ra- 
dioactive carbon dioxide, sulfur diox- 
ide, argon, xenon, and krypton can bi 
applied to leak detection, studies of 
air flow through ducts, and tests to dis 
cover the distribution of air jetted into 
a boiler or furnace. 


The efficiency of air filters or vac 
uum sweepers can be determined with 
radioisotopes. Dirt or dust of various 
particle sizes is “labeled” with a radio 
active material. This facilitates meas- 
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urements of the stoj ping power o 
filter or the collection ethciency ot 
vacuum system [or a specific range Ol 


i 
partic le SiZes 


Product-Cortrol Applications 


Thickne M turement Ra lioa 
tive thickness gages have recently | 
come commercially available Th 


basi components of these units 
a radioisotop sour 1 devi tor d 
tecting radioactivity and a record 
Radioactive rays are absorbed in pro 
portion to the weight per unit area of 
the material placed between the sour 
and the detector. If the material has 
a constant density, the thickness can 
measured directly 
Radioactive thickness gages are now 
used to monitor and control the thick 
ness of thin sheets of rubber, plastic 
paper, metal and cloth. The devi 
operate automatically and nondestruc 
tively, Fig. 5, for continuous thickness 
measurements to an accuracy of about 
one percent. Gages for the measur 
ment of the thickness of protectiv 
| 


coatings on base materials and for 


thick specimens ar¢ also availabl 


Density Measurement Rays fror 
radioisotopes are utilize d for density or 
specific gravity measurements. Absorp 
tion of the radiation from radioiso 
topes is proportional to the mass of 
material per unit area 
of the specimen is known, the density 
is then determined directly 
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Table I 


Typical Applications of Radioisotopes 





Flement and Isotcpe 


Antimony Sb 122 
Sb 124 
Sb 125 

Argon A 37 


Arsenic As 76 
a z 


Barium PBa 131 
Pa 140 


Bismuth Bi 210 


Bromine Br 82 


~ 


admium Cd 109 
Cd 115 


Cd 115 


Calcium Ca 45 


arbon C 14 


enum 


~ 


esium Cs 131 
Cs 134 
Cs 137 


hlorine Cl 36 


~ 


hromium Cr 51 


obalt Co 60 


~ 


opper Cu 64 


Europium Eu 152 
Fu 154 


Gallium Ga 72 


Germanium Ge 71 
Ge 77 


Gold Au 198 
Au 199 
Hafnium Hf 181 


Hydrogen H 3 (Tritium 


Indium In 114 

Iodine 1 131 

Iridium Ir 192 
Ir 194 


Iron Fe 55 
Fe 59 


Lanthanum La 140 


Mercury Hg 197 
Hg 203 


Molybdenum Mo 99 


Neodymium Nd 147 


Nickel Ni 59 
Ni 63 


Niobium Nb 95 


Half life“? 





26.8h 
40h 


12d 
12.8d 
5.0d 
36.0h 
330d 
2.3d 
43d 
180d 


>. 7409 


28d 

33h 
275d 
10.2d 
2.3y 


37y 


4 x 10y 


26d 


12.8h 


50d 
8.0d 
70d 
19h 


2.91y 
46.3 


40.4h 


65h 
25h 
43.5d 


68.3h 


lid 


2x 10y 


85y 


90h 
35d 


Radiation, mev(?) 








Beta (‘ Gamma 

1.94 0.568 
2.37 77's, 0.121 <Ey <2.3 
0.616 7 y's, 0.035 <E y <0.637 
K(*) None 
3.12 5 y's, 0.567 <E, <2.3 
0.7 None 

K 37's, 0.26 <Ey <1.2 
1.02 37'a, 0.160 <E y <0.540 
1.17 None 
0.465 77's, 0.55 <Ey <1.31 

K 0.088 

1.1 0.34 <Ey <0.52 

(4.5h In 115 
1.67 0.5 
0.254 None 
0.154 None 
0.56 0.141 <Ey <0.315 
1.36 0.5 

0.3 None 

K None 
0.658 47's, 0.568 <E y <1.35 

1.2 0.662 
0.71 ? 

K 0.267 <E y <0.32 
0.31 1.17 and 1.33 
0.65 1.34 
Ki 0.3 <E 1.2 

1.9 
3.17 9 y's, 0.631 <Ey <2.18 

K None 
1.74 0.5 
0.97 0.411 
0.32 67's, 0.024 <E y <0.23 
0.405 5's, 0.087 <Ey <0.480 

0.0189 None 
LT.(7) 0.192 
0.60 5y's, 0.080 <Ey <0.638 
(12.0d Xe 131) 
0.67 127s, 0.137 <Ey <0.651 
2.18 0.38 <Ey <1.43 

K Nope 
0.46 1.1 and 1.3 
2.26 77's, 0.093 <Ey <2.9 

K 0.077 

K 47's, 0.135 <E7 <0.286 

0.205 

1.22 37's, 0.141 <E y <0.360 
(5.9h Te 997) 

0.78 (y or X-ray) 

K None 
0.06 
LT. 0.216 and 0.758 

0.146 


Industrial Applications 





To study the rate of exchange between Sb(III) and Sb/V); to study 


the mechanism of glass formation; as pipeline tracers. 


To determine the optimum conditions for separating argon from other 
gases. 


To investigate the mechanism of glass formation; to detect smal! 
quantities of arsenic vapor in air; to determine the rate of corrosion 
or arsenical brass. 


To trace the flow of oil through pipelines; to determine the action of 
detergents on sludge forming oxy-acids produced by oxidation of 
lubricating oils. 


To study the deposition of thin films of bismuth. 


To study exchange reactions such as Br 82 with CCl:Br; to determine 
the amount of bromides adsorbed by fibers from solutions. 


To study characteristics of phosphors; as an analytical tool in process 
and product control. 


To determine the diffusion coefficient in glass. 


To study catalytic processes such as the Fischer-Tropsch synthesis; 
to study metallurgical problems such as the diffusion and con- 
centration of carbon in steel; as radiation sources for thickness 
gages used to continuously monitor films of material. 


As a tool to determine the concentration of cerium in phosphors; 
process-rate measurement. 


To study abrasion of rubber and various plastics; used as radiation 
sources for radiography and teletherapy units. 


As an analytical tool for the determination of small quantities of 
chlorides in paper pulp after washing; to study the corrosion of 
stainless steel by salt water. 


To study the transfer of material between rubbed surfaces, and the 
electrodeposition of chromium. 


To investigate the cause of paint blisters; to radiograph thick sections 
of metal—equivalent to a 2,000-kv X-ray machine; to study the 
permeability of naturally occurring or artificially produced porous 
media to the flow of oil, gas and water mixtures. 

To study self-diffusion in stressed copper; to determine the mecha- 
nism of the oxidation of copper at high temperatures; to determine 
friction characteristics of copper alloys. 


To determine the concentration of europium in phosphors; for 
radiography of thin sections of materials. 


To study the effects of impurities in germanium. 


As an analytical tool in process and product control; to study the 
effect of distribution on electric properties in a semiconductor. 


To investigate analytical problems in the photographic-film industry ; 
to study thickness of film deposited by high-temperature vaporiza- 
tion of gold. 

As an analytical tool in process and product control. 


To study process rate measurements, and investigate the mechanism 
of various chemical reactions. 


For tracer studies, and to study rate of self-diffusion. 


To measure the thickness of thin films of rubber of the order of one 
micron, 


As a gamma ray source for radiography. 

To make diffusion studies in steel in relation to such phenomena as 
annealing, hardening, recrystallization, grain growth, creep, and 
high-temperature behavior; to study the transfer of small quantities 
s aan between bearing surfaces; to study the corrosion of iron 
and steel. 


For radiographic inspection where only a few radiographs are required; 
as an analytical tool in process and product control. 


As an analytical tool for the purification of silver; to determine sma |l 
amounts of mercury vapor in air—as low as 10 —* gram. 


As an analytical tool in process and product control. 


For tracer studies. 


ae the magnetic properties of magnet alloys, and the passivity 
iron. 


To study segregation in high-temperature alloys and steel. 





(1) Reactor-produced radicisotopes procurable through the U. S. Atomic 
Energy Commission 


(2) ae d—days, h—hours 
3) Mil 


lion electron volts 


(4) When a beta spectrum is known to be complex, only the maximum 
energy of beta radiation is given. 
Data published by the National Bureau of Standards, Washington, 
D. C., Circular 499. 


For complete data, see Nuclear 
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Element and Isotope(') Half life(*) 


Osmium Os 185 97d K 
Os 191 os 15d 0.142 
Os 193 ° 32h 1.10 
r 
Palladium Pd 103 17d K 
Pd 109 13.1h 0.95 
i 
n Phosphorus P 32 14.3d 1.712 
f 
f Platinum Pt 197 ‘ 18d 0.65 
82d(?) 0.54 
Polonium Po 210 (8). 140d 5.298(*) 
(alpha) 
Potassium K 40 (8)........] 14 * 10%y 1.4 
] Praseodymium Pr 142.. 18.9h 2.23 
Pr 143 ‘ 13.8d 0.92 
Promethium Pm 147 t 2-4y 0.223 
Pm 149 . 47h 1.1 
Radium Ra 226 (8)... 1,620y 4.61 & 4.79 
(alpha) 
Radon Rn 222 (8) 3.82d 5.49 
Rhenium Re 186... 92.8h 1.09 
Re 188.. 18.9h 2.10 
Rhodium Rh 105 36.5h 0.78 
Rubidium Rb 86. . ‘ 19.5d 1.82 
Rb 87 (8 --| 6 X 10%y 0.13 
Ruthenium Ru 97 2.8d K 
Ru 103. 42d 0.684 
Ru 106 1.0y 0.041 
Samarium Sm 153 47h 0.80 
Scandium Sc 46.... 85d 1.49 
Selenium Se 75.... 127d K 
Silver Ag 110 > 270d 0.53 
Ag 111. 7.5d 1.06 
Sodium Na 24 14.9h 1.39 
Strontium Sr 89..... aw 53d 1.50 
Sr 90 e 25y 0.537 
Sulfur S 35.... 87.1d 0.167 
Tantalum Ta 182 117d 0.53 
Technetium Te 97.. ee 90d LTP. 
Te 99 cool 3X 10% 0.3 
Tellurium Te 127 Ps 90d LT. 
9.3h 0.8 
Te 129 ‘ 32d LT. 
Te 131 1.25d LT. 
Thallium Ti 204........... 2.7y 0.783 
» naaa 112d K 
‘ Pe ee lid 0.35 
; ee 130d 1.3 
} Tungsten W 185 i 73.24 0.43 
i O a aah 24.1h 1.318 
i Xenon Xe 131 12.0d LT. 
i Yttrium ¥ 90............. 61h 2.18 
ti Miseria 57d 1.537 
Py Zine Zn 65 250d K 
e aasa 13.8h LT. 
Zirconium Zr 95........... 65d 0.887 
Meki a 17h 2.2 


Radiation, mev(? 


ee nee 





5's, 0.329 <E <1.59 
None 


None 
0.25 (weak 


0.19 


37's, 0.132 <Ey <1.7 
5 y's, 0.15 <Ey <1.43 


0.33 


1.081 
0.13 


0.22 
0.494 
None 
37's, 0.069 <Ey <0.6 
0.89 <Ey <1.12 


10 y's, 0.067 <Ey <0.405 


8 y's, 0.676 <Ey <1.516 
None 


1.38 <E y <2.758 


None 
None 


None 


33 y's, 0.0462 <Ey <1.237 
0.097 
None 
0.089 
None 
0.106 
0.177 


None 


0.09 
None 
None 


0.134(?) 
57's, 0.078 <Ey <0.680 
0.165 


None 


1.11 
0.439 


0.708 
0.8 


Industrial Applications 


Tracer analysis for osmium 


For tracer studies. 


To improve abrasion test for evaluating tire wear; to determine the 
rate at which phosphorus reaches equilibrium between slag and 
steel; and to ascertain the film thickness of printing ink. 

To control the thickness of platinum plating on ceramic ware. 

To dissipate electrostatic charge formed on cloth, paper, and other 
materials during the manufacturing process. 


As an analytical tool for the determination of potassium. 


As a source of gamma radiation for radiography, and in tracer studies. 
For tracer studies, and as a source of pure beta radiation. 
To dissipate electrostatic charge, and to produce luminescent print. 


To study the effect of alpha radiation on chemical reactions. 


For tracer studies. 


For tracer studies. 


To evaluate ion-exchange resins. 


For tracer studies. 


To evaluate trace impurities of samarium in phosphors 
For tracer studies. 


For making radiographs of moderate section thickness —equivalent 
to a 250-kilovolt X-ray machine, and to determine the fluid satura- 
tion of permeable cures in oil-field research. 


To investigate the exchange between solid silver and a solution 
containing a very smal! concentration of silver; to study the pas- 
sivity induced to an iron surface; and to investigate the electro- 
deposition of silver. 


To measure the diffusion of sodium into a soda lime glass; and 
determine the efficiency of dealkalization of glass surfaces. 


As a source of radiation for thickness gages; to dissipate electrostatic 
charges; to study oxytocie properties of strontium; as a source of 
radiation for stimulation of phosphors; to evaluate ion-exchange 
resins. 


To investigate the mobility of adsorbed gaseous films on solid sur- 
faces; to study the mechanism of the vulcanization of rubber; to 
determine the “oiliness” of oils. 


Can be substituted for radium in radiographic work where a short 
half life is not a handicap; as a beta-ray source for thickness gage. 


To determine the role of technetium in phosphors. 


For tracer studies. 


As a source of beta radiation for thickness gages; to study the color 
of inorganic compounds and the relation of color to the oxidation 
state of the element. 


To study the nature of chemical bonding between atoms; to evaluate 
the color of inorganic compounds and the relation of color to the 
oxidation state of the element; and to determine the distribution 
and effects of small quantities of tin in a semiconductor. 


To determine the properties of high-temperature alloys such as those 
used in gas turbines. 


To determine the optimum conditions for separating the gas from 
contaminants. 


As a source of pure beta radiation for thickness gages. 


To study the swelling properties of cellulose fibers; to determine the 
vapor pressure of the metal under various conditions, and to 
observe self-diffusion under conditions of stress. 


For tracer studies; to study flow of heavy petroleum products in pipe 
lines, and measure rate of catalyst circulation in catalytic petroleum 
plant. 





(5) Detailed information for gamma spectrum of each isotope can be found 
in Nuclear Data 


r . 
(6) K electron capture—weak gamma radiation. 
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(7) Internal transition. 
(8) Naturally occurring. 


(9) No beta emission. 
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or reflection of the rays is also used 
to determine the density or specific 
gravity of a material. For example, 
the amount of scattering is propor- 
tional to the specific garvity and com 
position of a solution. 

Purity Measurements. There are 
various ways in which radioisotopes 
arc applied for measuring the purity 
of a product. One method consists 
of adding a radioactive form of the 
impurity or impurities to the raw ma 
terial during the processing of the 
product. The impurities are then 
traced, since the radioactive form of 
the impurity follows the impurity dur- 
ing any operation 

Another method involves the activa- 
tion of the impurity in the finished 
product by irradiation with neutrons. 
This procedure is not generally avail- 


able, because a satisfactory source of 
eutrons requires a cyclotron or nu- 
clear pile. However, the method is 


useful for determining the extent of 
contamination by trace impurities or 
materials that are difficult to analyze 
by conventional procedures 
Irradiation by 


radioa tive 


neutrons produces 
forms of impurities which 
permit identification and determina- 
tion of contaminants. This is possible 
since radioisotopes decay at character- 
istic rates by the emission of radia- 
tions having characteristic energies. 
Homogeneity Measurements. When 
1 suitable radioactive material is added 
to a material being mixed, the homoge- 
neity of product is readily determined. 
Measurements of the radioactivity in 
mixture indi- 
the completeness of the mix- 


lected samples of the 


ing and the degree of homogencity. 


Product Improvement Applications 


Metal Products. The metal indus- 
tries have found radioisotopes useful 
for solving a variety of problems. In 
developing methods for cleaning metal 
surfaces, radioactive forms of the im- 
purities being removed afford an ex 
tremely sensitive measure of the proc- 
ess efficiency. Applications are also 
made in studies of corrosion. Radio- 
active forms of various metals are used 
to obtain data on rates of corrosion in 
different solutions. 

Soldering and welding problems can 
also be solved with radioisotopes. The 
amount of metal transfer between two 
pieces of metal, whether similar or 
dissimilar, is determined as for elec- 
trical contacts by using one piece of 
metal containing a small amount of 
radioisotope of the metal. The effect 
of fluxes can thus be evaluated. 

Protective Coatings. Radioisotones 
are important research tools in inves- 
tigations of electroplating. Additives 
are frequently used in baths to produce 

particular type of finish. Little is 
known concerning the mechanism of 
additives, basic information concern- 
ing their function can be obtained by 
tracer techniques. 

Radioactive materials could be used 
in studies of coatings used to inhibit 
corrosion. It is important that tem- 
porary coatings applied to metal parts 
for protection during storage and ship- 
ment completely cover all exposed 
surfaces. Techniques and equipment 
required to accomplish this could be 
developed with the aid of radioactive 
“labeled” coatings that indicate uni- 


formity and continuity of the coating. 





Fig. 6—Geiger counter is generally used to measure the radioactivity of a sample: 
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Electrical Equipment. In addition 
to the electrical contact wear tests 
mentioned above, other radioisotope 
applications may be found in equin 
ment utilizing spark discharge. The 
regularity of the firing of metal spr 
guns can be improved by ionizing the 
air in the spark gap. This is accom- 
plished by irradiating the air and pro 
ducing a more uniform resistance path 
for the voltage discharge. 

Graphic Arts. This industry may 
benefit from the application of radio- 
active materials to investigations of 
printing ink transfer. Studies of this 
nature could be made as a function of 
machine design, ink composition or 
paper characteristics. 

Many of the problems associated 
with the handling of paper products 
result from electrostatic charges. Ra- 
dioactive static eliminators have been 
used for many years to neutralize static 
charges and most of these devices uti- 
lize naturally occurring radioisotopes 
such as polonium. The alpha rays 
emitted by these isotopes have a very 
low power to penetrate materials. As 
a result, only an extremely thin mem- 
brane is used to cover and hold the 
radioactive material. When beta par- 
ticle emitters, which penetrate thicker 
layers of material, are used the isotopes 
are mounted in hermetically sealed 
capsules to reduce contamination. 


Limitations of Radioactive 
Techniques 


Radioisotopes are not a cure-all for 
industrial problems. While there are 
some unique uses, such as accelerated 
wear testing of tire treads, Fig. 4, in 
most cases there are other methods of 
solving a problem. Radioisotope tech- 
niques should be applied after research 
or development work has indicated 
that there is some advantage over other 
techniques. 

Some desirable uses of radioisotopes 
have been delayed as a result of a po- 
tential health hazard from the radia- 
tions. Many of these obstacles cur- 
rently retarding the industrial use of 
radioisotopes will be removed as addi- 
tional trained personnel become avail- 
able and specialized equipment is per- 


fected. 
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Using University Factlities 
For Industrial Research 


HAROLD K. WORK 


Director, Research Division, College of Engineering, New York University 





OPERATION CENTER for Whirlwind I, the high-speed electronic computer at the Massachusetts Institute of 
Technology. Unit has a built-in memory, and delivers information at the rate of 20,000 times a second. 


ONLY FIFTY YEARS AGO, research was 
considered almost exclusively the prop- 
erty of the university. In those early 
days, research in universities was gen- 
erally understood to be fundamental 
or basic in character, although much 
of it could rightly have been called 
applied” research, the type of great- 
est interest to most industrial concerns 

The telegraph was developed by 
Professor S. F. B. Morse, of New York 
University; the aluminum industry, by 
Charles M. Hall, a student at Oberlin 
College; and the regenerative circuit 
in radio, by Edwin H. Armstrong, a 
student at Columbia University. More 
f cently, practical wire recording was 
launched by Marvin Camras, a student 
it Illinois Institute of Technology; 
Nicuwland’s work at Notre Dame on 
acetylene led to the developm« nt of! 
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Neoprene; chromium plating owed its 
initial commercial impetus to Colin G. 
Fink of Columbia University; and the 
work on atomic energy, with its wide 
range of industrial implications, was 
initiated in the universities 

Nevertheless there was a tendency, 
just prior to World War II, to regard 
the university as a place where “pure” 
scientists in ivory towers carried on 
basic research, uncovering knowledg 
of little immediate practical value 
Moreover, it was commonly remarked 
in industrial research circles that after 
a student graduated, he had to be 
practically retrained in the industrial 
research laboratory. 

The change in the status of univer- 
sity work began about 1940, when the 
government initiated its huge program 
of defense research, increasing its re- 


1952 


search expenditures almost tenfold, as 


shown in the graph on page 189 
Naturally, the government laboratories 
were unable to handle this tr 
load, and recourse was made to th 
personnel and facilities of industrial 


and university laboratories 


i 
ndous 


Fear is frequently expressed that 
the extensive support of university r 
search by the government will ever 
tually lead to governmental control of 
scientific thinking. This does not 
necessarily mean that the government 
will deliberately prescribe the think 
ing. The danger is rather that, by 
defining the areas in which university 
research will be supported, the govern 
ment will effectively determine th 
ireas in which it will be concentrated 

Since government interest in re 
search stems largely from defense and 
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A GLASS-WALLED MULTIPLE HEAD, cold electrode arc melting furnace is used 
in New York University’s Research Div. for investigations in titanium and its alloys. 


public welfare motives, it must be 
expected that the basic research be- 
hind such activities will not necessarily 


most useful to industry 

Sponsored research has become an 
important, even an essential, part of 
the educational system. It has proved 
that it can multiply the effectiveness 
of a university in training research 
personnel and in developing new sci 
entific information. In view of the 
current shortage of both engineers and 
research facilities, it is particularly 
necessary for the universities to make 
maximum use of their resources to 
meet the research needs of the nation. 

Industry-sponsored research also 
benefits the university by giving fac- 
ulty members an opportunity to prac- 
tice what they teach. It increases th 
effectiveness of the teacher, who now 
becomes a practicing scientist or en 
gineer. The old ivory tower concept 
fades away, and a man comparable to 
the researcher of industry does th 
teaching. Instruction becomes both 
practical and up to date. In this way 
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the university brings to industry the 
men and facilities to do effective re- 
search, while at the same time becom- 
ing more useful in its major function 
of training young research workers. 


Who Can Use Facilities 


There are in the United States about 
200,000 industrial organizations, of 
which around 3,500 have research Jab- 
oratories. Naturally, most of these 
laboratories are in the larger organi- 
zations. But all companies, whether 
large or small, now have access to 
outside research facilities in the uni 
versities, the research institutes, and 
the commercial laboratories. 

In considering who can use univer 
sity research facilities, it would be 
logical to assume that the small com- 
pany, which can not afford a research 
department, would gain most. But the 
difficulty here is a matter of economics 
If a small company does business 
amounting to $500,000 a year and puts 
aside for research 24 percent of sales 


(a figure often recommended for re 
search), only $12,500 would be avail- 
able. Today, this sum would prob- 
ably not cover even the expense of one 
competent research scientist. 

This would indicate that the expen- 
diture of such funds in an outside re- 
search organization, where there is a 
group of people with diverse technica! 

ackgrounds, would be advantageous 

to the small company, for it would 
bring a wider range of talents and 
viewpoints to the solution of its prob- 
lems than it could obtain internally. 

In spite of the obvious advantages 
in farming out its research, small 
companies in general do not make as 
much use of outside research facilities 
as might be expected. This seems pri- 
marily a matter of education and ex- 
perience. Small companies frequently 
do not know what to expect from re- 
search, nor how to use the results to 
best advantages. This is by no means 
entirely the fault of the company. In 
the past there has been a widespread 
tendency to be over-optimistic about 
research results. 

A realistic approach to the problem 
would show the small businessman 
what he could expect from research 
in the way of developing new products, 
processes, and services, and even in 
helping solve his economic problems; 
but it would also make him aware of 
the necessity for integrating research 
into the company operations. The 
volume of research should be of a 
size within the means of the company 
to exploit. When a new product is 
developed, manufacturing facilities 
must be provided to produce it, and 
the active cooperation of the produc- 
tion and sales departments are re- 
quired to make it profitable. Research 
is not an end in itself, but an inte- 
gral part of the company operation. 

If small companies do not use uni- 
versity research facilities as much as 
might be desirable, large companies 
with their own large laboratories also 
do not—at least in normal times 
Greatest use of outside research facili- 
ties, such as are found in universi- 
ties, is generally made by companies 
with moderate-sized research labora- 
tories. Such organizations appreciate 
the value of research and know how 
to apply the results to good advantage 
They can not economically employ tov 
scientists in all the fields of science 
in which they are interested; conse- 
quently they supplement their own 
staffs by turning to outside organiza- 
tions for specialized research. They 
often find that an outside point of 
view, even in fields where they are 
well staffed, is stimulating to their 
own research employees. 

At present, with so much research 
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lirected toward rearmament, both com 

sanies with moderate-sized and even 
those with very large research labora- 
tories are turning to outside sources 
or help in their research work. This 
arrangement enables them to carry on 
the research necessary to maintain their 
ivilian line of goods, while simul- 
taneously fulfilling their obligations in 
military research without unreasonable 
increase in staff. 

Another organization taking advan- 
tage of university research is the in- 
dustry association. Here companies 
with common interests group together 
and submit their problems to an out- 
side agency for solution. While both 
large and small companies engage in 
this practice, the operation is par- 
ticularly valuable when small com- 
panies, which otherwise could do lit- 
tle research, are banded together in a 
common enterprise of sufficient magni- 
tude to be effective. Some technical so- 
cieties also use university research 
facilities in much the same manner. 


Facilities and Personnel Available 


In the past year, a committee of the 
Engineering College Research Council 
of the American Socicty for Engi- 
neering College Research Council of 
the American Society for Engineering 
Education, under Dean yer Spil- 
haus of the University of Minnesota, 
made a study of Univenie Re- 
search Potential.” They approached 
900 schools, 750 of which replied. Of 
the 750, 525 submitted definite figures, 
forming the basis of the report. 

Some 25,000 faculty members were 
studied and 21,000 were judged quali- 
fied to perform research. Of thesi 
13,000 were actually engaged in re- 
search, and their efforts were estimated 
as equal to those 7,000 full time re- 
search workers. The faculty members 
were assisted by some 25,000 graduate 
students and assistants, whose efforts 
were considered equivalent to those of 
more than 12,000 full-time people 
This makes a total of 19,000 full-time 
research workers engaged in universitv 
research, about one-half of which is 
for the defense effort. In addition, 
there are about 6,000 university peon! 
doing medical research 

Compare the above figures with 
some recent figures for industrial re 
search. In a survey made by the Na- 
tional Research Council, it was shown 
that in 1950, industry employed about 
35,000 engineers and another 35,000 
professional people in research work 
supported by a somewhat larger num 
ber of non-professional people, mak 
ing a total of 165,000 in industrial 
research. From this it can be seen that 
university research activity represents 
the equivalent of a substantial fraction 


GARFIELD THOMAS WATER TUNNEL 


Its purpose is the improvement of underwater propulsion, mainl 


of all industrial research. For pur 
poses of comparison of university with 
industrial and governmental research, 
the expenditures of the three since 
1941 are listed on page 189 

Along with personnel, the ECR( 
survey referred to also listed special 
equipment available in 
which, in addition, to the usual re- 
search facilities, often have unusual 
facilities such as wind tunnels, cyclo 


universities 


trons, laboratories for radioactivity 
studies, mass spectrographs, electror 
microscopes, electronic computer 


towing tanks, and the lik« 

The availability of university facili 
ties for industrial research varies 
some ewh: at from school to schoo! 
Some of the small liberal arts colleges 
do almost no applied research, restr 
ing their efforts to basic research. At 
the other extreme, some of the state 
supported universities are charged 
their charters with the duty of carrying 
on applied research, and even testing 
as a part of their regular operations 
parallel to education. There are oth 
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, the world’s largest, at Penn State College 


torpedo propellers 


schools that carry On applied research 
but only of a type, and to an exter 
that gives optimum help to their fun 
tion of education. A few schools hav 
their sponsored research set up 
separate and almost independent inst 
tutes which have only a slight tie-ir 
with the academic side of the institu 
tion. 


What To Expect From Such a 
Program 


James F. Bell, formerly Pr sidi nt 
and Chairman of the Board of Genera! 
Mills, stated the philosohy of a iaid rt 
corporation in looking into the future 

‘One of the greatest dangers that 
any corporation faces is cor 
believe, afte r 1g 
or success, in the infallibility of past 
methods applied to a new and 
changing future. If we are to enjoy 
continuing success, our ideas, meth 
ods, goods, and services must always 
be ‘better than,’ not merely ‘as good 
as.’ We cannot afford to go or 
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living forever in the shadow of dead 

men’s thoughts.” 

“The imaginative spirit which 
puts zest into being is not the ex 
clusive province of youth. So long 
as the stimulus of iniative and imag 
ination is kept alive, a man, or 
group of men (and that is all a cor- 
poration is) will remain young.” 

In no small measure, what to expect 
from an industrially-supported research 
program in a university depends on 
what the sponsoring company is look- 
ing for. Sometimes industry supports 
basic research in universities, from 
which only scientific information is 
expected or desired. For the most part 
however, companies are interested in 
research that has a scientific value to 
the company’s operations; such as 
new or improved products, or new 
processes for making a known product 


The ultimate results of any program 
will depend in large measure on (2) 
the skill of the university in handling 
its research activities, (b) the profi- 
ciency of its staff, (c) its patent policy 
(d) its policy on publication, and 
many other factors 

A typical abbreviated statement of 
policy is that of the Research Division 
of the College of Engineering, New 
York University 

‘It is the policy of the College of 

Engineering to undertake, as a rule, 

only such sponsored projects as (a) 

seem likely to add to knowledge of 

fundamental or applied science; 

(b) are financed by the sponsors on 

1 basis which permits the allocation 

of part of the gross fee to the Rx 

earch Fund for the promotion of 


College-sponsored research; (c) 
have as an objective the training or 
further training of one or more re- 
earch worker ( 1) extend over a 
reasonably long term preferably a 


year or more: (e) do not conflict 
with any other current project or 
ponsor; (f) are of such a nature 
that they do not compete with, or 
in not be successfully undertaken 

a commercial testing laboratory. 
In periods of national emergency, 
priority will be given to research 
projects which are directly con 

cerned with national interests.” 

The question is frequently raised 
about the policies of universities with 
regard to patents that may be develoned 
in the course of their work. The 
handling of patents varies considerably 
from university to university. Most of 
them, by contractual agreement, turn 
the patent rights over to the sponsor, 
but there are some that reserve the 
rights to the patents. Still other uni- 
versities will not accept research pro- 
grams from which patents are likely to 
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result. Even so, the patent question is 
quite an important one to the sponsor- 
ing company, for a good patent will 
bring in considerable revenue from li- 
censes. More often than not, however, 
the company looks on a patent as pro- 
tection against having to pay a royalty 
to someone else. 

Sometimes, in a rapidly developing 
industry, several companies will hold 
valuable patents which they wish to ex- 
ploit together. Frequently new com- 
panies are formed by the mutually in- 
terested companies to develop the new 
products or processes. It should be 
noted, however, that the Federal Gov- 
ernment does not favor the develop- 
ment of a through patents, 
and it is usually necessary to license 
other members of an industry who so 
desire it. 

Another point for consideration is 
the university's policy on the publica- 
tion of research results. Most universi- 
ties do research with a view to adding 
to the general store of information. 
While the universities are eager to 
publish research results, most of them 
are willing to delay publication suffi- 
ciently to allow patent matters to be 
handled, and to this end, they usually 
agree to publish only with the ap- 
proval of the sponsor. 


Not all publication problems, how- 
ever, arise from the university's desire 
to publish. Frequently it is the sponsor 
who wishes to publicize the results of 
research, thereby taking advantage of 
the prestige associated with the univer- 
sity’'s name. Most universities prefer 
not to have their names used in adver- 
tising or publicity connected with com- 
mercial products. Consequently, they 
allow use of their names in this wav 
where the text is first submitted to 
them for approval. 

It should be recognized that an in- 
dividual research venture is a specula- 
tion. Leo Baekeland, who had to his 
credit two successes—Velox photo- 
graphic paper and Bakelite—was once 
asked how many unsuccessful re- 
searches he had carried out for every 
one that succeeded. He claimed that 
one try in fifty was successful. Others 
say that perhaps one in ten should suc- 
cee d. 


How to Set Up the Program 


Recommending ways of setting up a 
research program in a university is a 
risky thing to do. There are unques- 
tionably more wrong ways than right 
ones. Nevertheless, certain general 
principles that may be laid down will 
be of some help 

Perhaps the most important step, 
from the company point of view, is 
making a top official responsible for 


Propucr ENGINEERING — OCTOBER, 1952 


planning and setting up the program 
to ensure proper integration of re 
search results with company operations 
In a large company, of course, this au 
thority may be delegated to some suit 
able person down the line; but the 
chain of authority should be such 
that the work eventually goes through 
the hands of a person sufficiently high 
to tic it in with other operations of 
the company. 

The next problem is the selection of 
the institution which will do the rí 
search. Here the primary considera 
tion is the availability of qualified sci 
entists to carry out the work. Gifted 
men are the keystone of the research 
structure. Success in research is much 
like the tendency toward accidents 
among automobile drivers, where 15 
percent of the drivers cause 85 percent 
of the accidents. Much the same sit- 
-uation exists among research workers; 
a limited number of scientists seem to 
be responsible for the lion’s share of 
the results. That being the case, it is 
important to see that the best available 
researchers are put on the job. 

However, it is not enough just to 
have competent scientists. They should 
be amply supported by library facili 
ties, technicians, stenographic help, 
and the like, so that they can concen- 


trate their energies on the scientific 


phase of the problem. And to round 
this picture out, there should be good 
business management and policies be- 
hind the research operation, so that the 
work of the scientists may be carried 
out with maximum efficiency. 

Assuming that the organization is 
satisfactory, the equipment situation 
should then be examined. In some 
cases, equipment is the controlling fac- 
tor in placing research. Generally 
speaking, however, universities that 
have been operating in a given field 
for any great length of time are well 
situated in this respect. Indeed, they 
frequently have special facilities for 
work on nuclear energy, aerodynamics, 
or medicine, that are costly to set un 
and could hardly be justified by or 
ganizations other than the government 
or the largest industrial corporations. 

Another important point for consid- 
eration is the geographical location of 
the university with respect to the spon 
soring agency. When research for a 
given organization is carried on by an 
outside agency, there is always a prob. 
lem of communication of ideas between 
the two groups. It is generally desir- 
able to have frequent meetings be- 
tween the sponsor and the university 
—say at least once a month—to dis- 
cuss the progress of the work, and later 
its application. 

In placing research work with a 
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Millions of Dollars Expended 


Comparison of National Research and Development Expenditures 
1930-1945 (Excluding Atomic Energy) 








Estimated Research and Development Expenditures in U.S. 
1941-1952 (In Millions of Dollars) 




















| 
| | Source of Funds | Use of Funds by Type of Institution 
Year | Total [————— — iadmbsian 
| | Other | Federal Indust. Univ. Federal 
| | 
Ee i aa aha ale dpe a 800 560 240 520 80 200 
RR a 930 590 340 600 90 240 
ee 1,050 420 | 630 650 100 300 
1944..... 1,200 430 770 700 110 390 
o AA 1,300 420 880 750 120 430 
1946..... i 7 or 1,490 830 660 890 130 470 
 * ae a one 1,810 1,020 790 1,120 170 520 
Ee Ss ed bis eas 2,060 1,140 920 1,290 200 570 
Sen ses «as Bies ON 2,080 | 1,030 1,050 1,310 220 550 
E a e Le are ; 2,240 | 1,200 1,040 1,430 240 570 
Te aa a n a i 2,590 1,280 1,310 1,630 260 700 
e i as ots 2,930 1,290 1,640 1,820 280 830 





Source: Research and Development Board, Department of Defense 


university, the prospective sponsor 
should avoid putting too much weight 
on cost. Selection of a research or- 
ganization should be handled in much 
the same way as the selection of a doc- 
tor for treatment of a serious dis- 
ease. A highly qualified specialist with 
the best of equipment, conveniently lo- 
cated, is the best bargain in the lon: 
run. However, this does not neces- 
sarily mean the lowest cost. All too 
frequently, low costs for research, 
whenever done, result from use of in- 


adequate personnel or insufficient 
equipment, and in the end only lead 
to grief. 

The nature and extent of research 
projects varies greatly. Many universi- 
ties avoid accepting projects which in- 
volve less than the equivalent of th« 
full-time efforts of one man for one 
year. Such a minimum program may 
cost from $10,000 to $20,000, depend- 
ing on the personnel and other require- 
ments. 

As for the upper limits, war research 
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demonstrated that the universities can, 
if they wish, handle almost any size 
project that industry cares to refer to 
them. It becomes a question, there- 
fore, of finding what scale of approach 
best fits the needs of the sponsor. 
Research is not just an isolated sci- 
entific operation. If it is to benefit the 
sponsoring agency, it must be an inte- 
grated part of company operations. 
Only under this condition will it be 
completely satisfactory both to the 
company and to the university. 
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Remarks 


Electrons emitted from the cathode are focused by the first and 
second accelerating anodes into a concentrated beam. The electro- 
static field produced by the two anodes is analogous to an optical lens 
system for converging light rays as it makes the electron paths con- 
verge to a point on the fluorescent screen. A narrow beam of rapidly 
moving electrons is known as a cathode ray. 

The electron beam can be deflected vertically or horizontally by 
electrostatic fields emanating from the deflecting plates. The electron 
beam deflection is at right angles to the plane of the deflection plates 
and is attracted to the positive plate and repelled by the negative 

The cathode-ray tube is a tool that can be successfully used in the 
measurement of voltage, current, power, or frequency; determination 
of amplitude, phase, and frequency modulation patterns; amplifier 
and transformer response to a square-wave voltage wave; determina- 
tion of vacuum tube characteristics; checking the response, align- 
ment, coupling, and band of frequency response of tuned resonant 
circuits; and innumerable other applications. 





The cathode-ray tube may be used as a voltmeter in a circuit simi 
lar to the one shown if the tube is calibrated for electron beam 
deflection vs the potential applied to the deflecting plates. The deflec- 
tion may be measured on a linear scale as the deflection is directly 
proportional to the deflection voltage Fa. 

Deflection sensitivity is the ratio of the movement of the luminous 
spot on the screen to a unit voltage applied to the deflecting plates. 
Sensitivity is usually expressed in millimeters per volt. The potential 
of the second anode affects the sensitivity. The cathode-ray tube is 
more sensitive for low than for high anode potentials because a less 
intense electrostatic field is required for a given deflection of an elec- 
tron beam with a low velocity. 


A d-c potential applied to both plates deflects the beam both ver- 
tically and horizontally. The kinetic energy released by the impact 
of the electrons when they bombard the screen produces fluorescence 
or the emission of light. The continued emission of light from the 
screen after the bombardment has ceased is known as phosphores- 
cence and depends upon the screen coating, velocity and concentra- 
tion of the electron beam. The color of the light depends upon the 
phosphor coating. 

Continued bombardment upon one spot of the screen reduces the 
sensitivity of the coating. If the focused electron beam is allowed to 
remain in one spot too long, it may not only destroy the phosphor 
coating, but may also melt a hole in the end of the tube. 


The luminous spot moves up and down in simple harmonic motion 
when a sine wave of voltage is applied to vertical plates. 

The first anode is usually designated as the focusing anode because 
the potential applied to it determines the focus or sharpness of the 
electron beam convergence at the screen. The second anode is usually 
operated at a fixed potential while provision is made to permit 
adjustment of the first anode potential, the luminous spot can be 
adiusted or focused to a very distinct spot on the screen. 
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ACCUMULATORS are pressure storage 
chambers in which the noncompressible 
hydraulic fluid is stored under pressure 
from an external source. They are used 
for an emergency source of power, for 
holding pressures over long periods, 
for volume compensation, for fluid 
dispensing, for increasing circuit com- 
ponent speed, and for many other ap- 
plications. 


There are three general classifica- 
tions of accumulators: (1) dead 
weight; (2) spring loaded: and (3) 
air operated, with the air operated 
type being the most popular. 


The dead weight accumulator con 
sists of a weight acting down on a 
hydraulic piston, with the weight of 
the mass supplying the stored energy. 
The advantage of this type is that 
accumulator pressure : constant for 
the complete stroke. A disadvantage 
is that it is bulky and very heavy. It is 
usually built to order on the job, and 
because of its high cost one installa- 
tion supplies accumulator action for 
several machines. 

Spring loaded accumulators use 
one large spring or a group of smaller 
springs acting against a hydraulic pis- 
ton, with the energy stored in the 
compressed springs. This type may use 
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limit switch pump control, or may use 

pressure switch set for a predeter- 
mined pressure differential. The main 
disadvantage is that there is drop in 
pressure during the stroke. 

Air operated accumulators store 
energy because of the compressibility 
of air. They may be divided into two 
groups, the piston type and the bag 
type. The piston type is usually de- 
signed with the air piston larger than 
the hydraulic piston so that the hy- 
draulic pressure may be several times 
the required air pressure. 

The bag type accumulator is the 
most common and versatile. It consists 
of a steel _ enclosing a synthetic 
bag. The bag is paang with air 
to the required pressure, and the hy- 
draulic fluid occupies the space be 
tween the shell and the bag 

The following circuits show typical 
hydraulic systems in which the various 
types of accumulators have been used 
to improve performance. 
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Fail-Safe Circuit. This system makes use of three 

‘ . 
accumulators as sources of emergency hydrauli 
power. It is desired for safety reasons to retract all rams 


should something happen to interrupt the normal supply 
of oil pressure to the cylinders 

In the circuit sketch, power lines are shown carrying 
electrical energy to the rams. For the purpose ot 
discussion, it can be assumed that the rams act as carriages 
tor electric tools equipped with rotating cutters or blades 
If power to the hydraulic pump fails, either because of a 
fault in operation or because the pushbutton is released 
the oil stored in the accumulator tanks withdraws thes 
tools to a guarded position. 

When the pushbutton is held closed, the electrical cit 
cuits to the pump motor, ram tools, and the spring-return 
solenoid valve are completed. The first cylinder advan 
to the end of its stroke. Then, the sequence valve oj 
allowing oil to flow to the second cylinder. This action 
is repeated until all pistons are in the extended position 
The power unit continues to function, pumping up th 
three accumulators. As each accumulator reaches full 
charged conditions, its associated pressure switch opens 
When all three pressure switches have been actuated, th 
power unit is deenergized 


this 


opens 


When the pushbutton is released, or in the event 
of a power failure, the solenoid operated control valve 
shifts. The blind ends of the cylinders are then open to 
exhaust and the oil pressure in the accumulators causes 
pistons to retract. 

While this system only includes three sets of cylinders 
and accessory components, the same circuit arrangement 
can be used for as many sets as desired 


With Hydraulic Accumulators 
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2 Synchronizing Piston Movement. Accumulators can 

* be used to synchronize the piston movement of short 
stroke cylinders. In this circuit the accumulators synchron 
ize the outward travel of the two cylinders B and C, while 
additional circuit components control the optration of the 
locking cylinder, A. 

The four way valve D controls the direction of motion 
of the three cylinders. With its operating lever to the left, 
oil flows to the rod end of cylinders B and C and at the 
same time charges the two accumulators. When the pistons 
are retracted and the accumulators charged, sequence valve 
G opens, supplying oil to the rod end of the locking 
cylinder A. With the operating lever of valve D to the 
right, oil flows to the blind end of cylinder A and the 
piston moves out. When it reaches its outermost position, 
sequence valve H opens and pressure operated valves E 
and F are actuated to open, allowing oil from the accumu- 
lators to enter the blind end of cylinders B and C. These 
pistons move out uniformly under accumulator pressure 
The speed of movement of the cylinders B and C is con 
trolled by the settings of the speed control valves. At th 
end of this stroke the cycle is complete. 
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3 Fluid Makeup. In closed hydraulic systems, it is 

* sometimes necessary to provide a source of oil to 
make up the difference in fluid volumes between the rod 
end and the blind end of a hydraulic cylinder. In such 
cases, the accumulator may provide a satisfactory solution. 

A possible application is shown in the sketch. When 
the rod of the cylinder is moved in by an external force, 
oil flows through the bypass line to the rod end of the 
cylinder. Since the volume of oil in the blind end of the 
ylinder is greater than that in the rod end, when the rod is 
being retracted there is an excess of oil that must be stored 
somewhere, The accumulator is provided for this purpose. 

As the piston is forced in, oil gradually fills the ac- 
umulator. The cushion adjusting needle acts as a flow 
ontrol valve to restrict piston speed and thereby prevent 
shock at the end of the strike. 

When the piston rod is extended—again by an outside 
source—oil must be added to make up for the greater 
space in the blind end of the cylinder. The needed 
volume of oil is supplied by the accumulator, which 


dumps its charge back into the closed system. 


4 Hydraulic Shock Suppression. Hydraulic shock or 

* water hammer is usually caused by the sudden stoppage 
or deceleration of oil in a line. This effect is particularly 
noticeable when high volume, high pressure flows are sud- 
denly throttled, and can damage sensitive equipment or 
under severe conditions rupture a line. By installing an 
accumulator just ahead of the shut-off point, the shock will 
be suppressed 

In this application, the abrupt shutting of the four 
way valve and the sudden deceleration of the rapidly 
moving oil will cause a series of shock waves which are 
absorbed by the dead weight accumulator, thus protecting 
the line and any attached instrumentation. 


5 Leakage Compensation. Intermittent pump operation 

* is satisfactory when there is an accumulator in the 
circuit to compensate for leakage. The pressure switch is 
sct to operate between a fixed differential depending on the 
size and stroke of the spring loaded accumulator. With the 
system originally at maximum pressure, the accumulator 
makes up system leakage until the pressure drops to the 
allowable minimum. The pressure switch closes the circuit 
to the pump motor which operates until the oil pressure 
reaches the maximum operating pressure. The pressure 
switch then opens, stopping the pump. 

Since oil is virtually incompressible; without the accumu- 
lator the pump would be continuously cycling to compen- 
sate for system leakage. If desired the accumulator can 
also be selected so that it is large enough to supply oil for 
some circuit component operation. 

Some accumulators of the spring loaded type are built 
with external trip rods which actuate a limit switch to turn 
on the power unit when minimum pressure is reached, and 
turn it off when the system is up to maximum pressure. 


6 Intermittent Duty Cycle. In circuits where there is a 

* long interval between operations, accumulators can 
be used as a secondary power source, with a small pumping 
unit as the primary source. In this casting press circuit ihe 
accumulators supply the high quality of oil required by 
cylinders A and B, while the small power unit charges the 
.ccumulators during standby periods. 

When the pump has operated long enough to charge 
the accumulators, the cycle can be initialed by pressing 
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both start buttons. The magnetic relay is locked in through 
the bottom contacts of the = switch. When the 
circuit is completed through the start buttons, No. 1 sole- 
noid valve is energized and causes its piston operated valve 
to move in the direction to supply-oil to the top port of 
cylinder A. The piston moves downward at a constant 
speed until the cam operated speed control valve is actuated, 
reducing the speed of piston travel. When the end of the 
stroke is reached, the oil pressure above the piston increases, 
since there is no longer any line drop, and the pressure 
switch operates. This energizes the time relay and the 
right hand solenoid of valve No. 2, at the same time 
deenergizing the start button circuit and the solenoid of 
valve No. 1. Valve No. 2 and its piston operated valve are 
actuated in the direction to supply oil to the bottom port 
of cylinder B. When the time delay relay closes it energizes 
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solenoid valve No. 1 to retract cylinder A. Cylinder B may 
be retracted by pushing the return button and the cycle is 
complete. 

The accumulators are selected to supply sufficient oil for 
at least one cycle, and are recharged between cycles. With- 
out them a much larger pumping unit would be required. 


E High Speed Operation in Two Pressure System. In 
applications such as this hydraulic press circuit, an 
accumulator can be used to give increased capacity for 
greater piston speed during nonworking portions of the 
cycle. This reduces total cycle time. 
The system is equipped with a high volume, low pressure 
pump and a low volume, high pressure pump. When the 
handle of the four way valve is shifted to advance the press 
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cylinder, both pump deliveries as well as the accumulator 
discharge act on the cylinder piston and move it rapidly 
When the ram meets sufficient resistance the system pres- 
sure builds up and actuates the pressure switch. This in 
turn energizes the solenoid operated valve so that the 
delivery from the large volume pump is directed to the 
accumulator for recharging. The small volume pump sup- 
plies high pressure oil to the cylinder for the pressing 
operation. 

When the four way valve is shifted for the return stroke 
of the cylinder, again both pump deliveries and accumu- 
lator discharge are available. Also at this end of the stroke 
the small volume pump holds the cylinder while the larg: 
volume pump recharges the accumulator. The two relief 
valves limit system pressures to the required high and low 
pressures while the cylinder is at either end of the stroke. 
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By using accumulators in this manner, cycle time is 
reduced since circuit components operate at high speeds 
during the nonworking, low power portions of the cycle. 


Similar results may be obtained with a large high volume 


pump, but at much greater cost. 


8 High Speed Operation in Single Pressure System. 

This electro-hydraulic control and power system for 
an automatic die casting machine employs two accumulators 
to increase the rate of piston travel in cylinders 1 and 2, 
over that which could be obtained with the power units 
alone. This circuit differs from the previous one in that 
only one pump is used in each of the individual hydraulic 
networks instead of separate moving and holding pumps. 

Thus the increase in speed of operation during the non- 
working portions of the cycle must come from the accumu- 
lators, since there is no auxiliary pump. 

With cylinders Nos. 1 and 2 in the retracted position 
and cylinde r No. 3 in the out position, the cycle is initiated 
by closing the gate which in turn actuates limit switch A. 
Contactor B is in position X. Solenoid $1 of valve No. 14 
is energized, directing pilot pressure to valve No. 1 which 
operates to admit oil to the blind end of cylinder No. 
The piston is driven outward at high speed by the dis- 
charge of accumulator C and power unit A. When the 
piston reaches the end of its stroke, limit switch C is actu- 
ated. The check valve in the line to valve No. 1 prevents 
the piston from retracting and accumulator C recharges. 

When limit switch C closes it energizes solenoid $2 
of valve No. 2 and solenoid §2A of valve No. 4. Accumu- 
lator flow from the right hand port of valve No. 4 and the 
upply from pump B enter the supply port of valve No. 2 
ind in turn are directed to the blind end of cylinder No. 2, 
driving the piston out at a rate determined by the speed 
ontrol valve in the rod end line. At the end of the out- 
stroke of cylinder No. 2 limit switch D is closed energizing 
solenoid §3A of valve No. 4, solenoid S5 of valve No. 
ind timer FP. The accumulator recharges through the left 
hand port of valve No. 4 and the check valve in the supply 
line to valve No. 2 prevents the piston of cylinder No. 2 
from retracting during further cycle operations. 

When solenoid 55 of valve No. 3 is energized, oil is 
admitted to the rod end of cylinder No. 3 and its piston 
retracts at a rate de pe ndent on the capacity of power unit 
B. After a predet anino time interval the timer F closes, 
energizing solenoid $4 of valve No. 2 and cylinder No. 2 
retracts. The timer contract also energizes the Y coil 
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contractor B which closes the circuit to limit switches 
and G. Limit switch E is actuated when cylinder No. 2 
fully retracted and energizes solenoid $5 of valve No 
causing the piston of cylinder No. 3 to move outward. A 
the end of this stroke, limit switch G closes, _— 
solenoid S6 of valve No. 1A and causing valve No. 1 t 
operate to retract cylinder No. 1. When the gate is open 
limit switch A is released and contactor B moves to the } 
position completing the cycle. 


ġ Holding Pressure. An accumulator can be used t 

* maintain high working pressures on cylinders an 
other circuit elements for long periods of time. Witi 
this scheme, the master valve can be shifted to neutral onci 
system pressure is built up. This allows the pump pressur 
to drop almost to zero, reducing the wear on motor and 
pump and minimizing the possibility of overheating the oil 

In the circuit shown, an accumulator is put to such usage 
At the start, the hand lever of control valve No. 1 is moved 
to the 10,000 lb total ram force position. Then, when the 
lever of ram operating valve No. 3 is pulled forward, the 
press ram descends to exert full pressure on the work. The 
hand lever is now placed in the neutral position, blocking 
the cylinder ports and opening the pump unit to exhaust 
Since the cylinder ports are completely blocked off from 
both pump and exhaust, the pressure stored in the accumu- 
lator maintains the force of the ram against the work. 

After the pressing operation has been completed, the 
lever of valve No. 3 is pushed into reverse. This causes the 
ram to move upwards. Of course, the ram can be stopped 
at any point in ascent or descent by shifting the valve to the 
neutral position. 

This circuit makes available two working pressures. The 
10,000 lb rating is determined by a pressure relief valve 
located near the power unit. A second total ram force of 
6,000 Ib is regulated by a relief valve in a bypass line 
installed after valve No. 1. The desired pressing force is 
selected by means of the latter valve. 

For operation of the work positioning ram, the handle 
of valve No. 2 is pulled and held. When the ram has 
traveled to the proper position under the press ram, the 
valve handle is released. When this valve, too, is in the 
neutral position, all cylinder ports are blocked and the 
pump is bypassed through valve No. 1. From this valve, 


the oil supply is shunted through the ram operating valve 
back to the tank. 
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The Reader <M): His Mark 


HE ABC SYMBOL which is printed 
at the head of this page is, in a very real 
sense, your brand on this magazine. 
Those letters stand for Audit Bureau of Circu- 
lations. The symbol indicates that the magazine 


is a member and supporter of that Bureau. 


To the advertiser who contemplates using the 
magazine as an advertising medium, this symbol 
has a well-recognized significance. It tells him 
that the circulation records and practices of the 
magazine are wide open to the auditors of the 
Bureau, who check the publisher's claims and 
make public the precise terms and conditions 
under which subscriptions are obtained. And it 
assures him that the magazine stays in business 
by virtue of a demonstrated demand from its 
readers as shown by their paid subscriptions or 
newsstand purchases. 


B T HERE we are concerned only with the sig- 
nificance of ABC to you as a reader. For 
when the advertisers, the advertising agencies, 
and the publishers founded the Bureau nearly 
forty years ago to help establish honest circula- 
tion figures, they unwittingly set up a coopera- 
tive institution that has become a major safe- 
guard for the interests of the reading public. 

That is because membership in ABC consti- 
tutes one of the strongest guarantees that any 
publication can offer of its primary devotion to 
the interests of its readers. And by making that 
guarantee possible, ABC becomes a major safe- 
guard of the freedom of the press, an objective 
of exceptional importance in these days when 
the public is flooded with propaganda from so 
many sources. 


ie SUREST MEANS by which to preserve a 
free press is to keep it directly answerable 
to the reading public it would serve. It follows, 
then, that the survival of a truly free press must 
depend on its acceptance by that public; and 
that means in turn that the people must have in 


their hands some adequate means for holding 
the publishers responsible to them. 


No one has yet devised any means to that ¢ nd 
more simple, more direct or more practical than 
the paid subscription or newsstand purchase 
price. The right to purchase or refrain from 
purchasing a publication gives to the readers 
and to no one else the power to pass judgment 
on whether that publication should continue to 


serve the reading public. 


T? SUPERVISE this vital process, to check and 
certify the integrity of the publication’s cir 

culation methods and claims, requires a strict 
and continuing audit of each publication’s suc 

cess in meeting this test of its public acceptance 

To that essential function the ABC has contribu 
ted mightily by the conscientious performance of 
its mission. And that is why we are able to have a 
press supported, for the most part, by advertising 
revenues, but not controlled as to its circulation or 


content by any influence other than its readers. 


When an advertiser consults the ABC state 
ment of a publication to ascertain the amount, 
the quality and the trend of its circulation, he 
does so in the legitimate pursuit of his own in 
terest. But at the same time, inevitably, he is 
helping the ABC to keep the press responsible 
and responsive to the reading public. For, in 
effect, he is asking the publication to demonstrat 
through its circulation figures that it owes its 


standing to a voluntary demand by its readers. 


S° rHE Audit Bureau of Circulations, by audit 
ing and certifying paid circulations, has com 
to perform a vital service to the readers of this 
magazine and of every other member publica 
tion. And in performing that service, it helps to 
maintain in our country a press that is answer 
able to the reading public and to it alone. So 
long as the practices and principles for which 
ABC stands continue to prevail in American 
publishing, we shall find in it a sure support for 
a truly free press, responsible only to the public 


it serves. 


McGraw-Hill Publishing Company 
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TECHNICAL NEw S$! 


SUPER SPEED AIRPLANE may have glass-plastic wings, ailerons, stabilizers 
rivets and will have titanium load members according to Northrop Aircrait materials specialists who are studying the problem 





and fuselage. It will be fastened with glass-plastic 


New Materials Needed for Super-Speed Airplanes 


IF AIRCRAFT DESIGNERS are to continuc 
the trend to develop faster airplanes, 
they need help from material special- 
ists who can answer these qucstions 
Of what materials can super-speed 
planes be made? How are they to be 
fastened together? How can such air 
craft negotiate the heat barrier” 
which lowers the mechanical prope: 
tics of present aluminum and mag 
nesium alloys at extreme velocities? 
To fly at speeds two or three times 


the speed ot 


sound, an airplane must 
be able to stand the ram-compression 
temperature rise on the skin surfaces 
over which the air passe S 

Thomas B. Piper, director of ma- 
terials and proce ss engineering at 
Northrop Aviation, claims that glass 
plastic laminates appear to offer the 
best answer to good serv at high 
speeds. Piper visualizes aircraft of 
he future made of woven glass fabri 
uminated with temperature resistant 
materials such as phenolic resins or 
silic ones. 

His reasoning: A glass reinfor 
plastic structure would have a favor 
able strength-weight ratio and would 
maintain a high percentage of it 
strength at temperatures in the vicinitv 
of 500 F. The molded material would 
have a lower coefficient of expansion 
than a mctal structure so that localized 
dimensional changes produced by dif- 


t 
] 
i 
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ferential exposure to heat would be 
less severe than in metal aircraft. The 
low heat transfer properties of the 
molded laminate and the fact that it 
is integrated with like materials pos- 
sessing uniform coefficients of expan- 
sion should reduce thermal structural 
warpages and eliminate aerolastic 
variations that could damage the air- 
plane and establish critical control 
problems. 

As a process engineer, ze sees 
other advantages to reinforced plastic. 
Simplified tooling would reduce pro- 
duction costs since it is possible that 
a complete airframe could be molded 
from plastics in four or five basic 
molds with only a handful of skilled 
workers required for the operation. 

British airframe manufacturers ap- 
parently agree with Piper on glass 
reinforced plastics. They have fabri- 
cated a set of glass-plastic wings which 
will be flight tested early next year. 

Next to glass-plastic, the Northrop 
engineer feels that titanium is thi 
most promising material for the avia- 
tion industry. 

He said, “Despite the disappoint- 
ment for those who were too quick 
to proclaim titanium the “wonder 
metal,” it is now winning sound rec- 
ognition as a material for load- 
carrying members because of its 
strength-weight ratio and its ability 


to withstand corrosive attack at high 
temperatures.” 

While research programs aimed at 
developing better phenolic resins and 
lowering the cost of titanium make 
the super speed airplane appear close 
to completion, the problem of how to 
fasten it together has not been re- 
solved. 

Northrop’s work with glass rivets 
in plastic structures has been disap 
pointing. Fastening experts feel that 
the answer may be either: glass rov 
ing with unidirectional fibers impreg 
nated with silicones or phenolics, or 
a titanium removable blind fastener. 

Another materials problem that has 
to be solved is in the field of lubrica- 
tion. Piper thinks that the solution 
may be a metallic-dry-powder or dry 
film type such as molybdenum disul- 
fide with or without a carrier. He 
feels that wet lubricants developed to 
give service in the range from 350 
to 700 F will probably be unsatisfac- 
tory for extreme low-temperatur: 
operation ; they may also exhibit rather 
poor lubricity or have undesirable 
toxic or corrosive properties. 

Other material substitutions that 
will be required for the super-speed 
airplane include: changing the metha- 
crylate plastic cockpit canopy to some- 
thing like silicate glass; new heat- 
resisting rubber-like materials for 
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scaling applications; new surface tin- 
ishes, and new fuels with vapor pres- 
sure low enough so that they won't 
boil at the temperatures produced in 
the fuel by the ram temperature in- 
crease. 

Most encouraging is the fact that 
none oi these new materials appears to 
be impossible. Piper admits that it 
will take many hours of research to 
accomplish, but he feels that every 
industry will benefit along with the 
aircraft industry. 


Cool Weather Chills 
Flying Saucer Reports 


W ASHINGTON—The passing of 
summer's hot humid weather put a 
temporary end to the flood of flying 
saucer reports and gave added- im- 
petus to the belief that the unknown 
phenomena sighted in many parts of 
the United States are the result of 
temperature inversion in the air. 

Harvard astronomer Dr. H. D. 
Menzel suggests that the flying lights 
are caused by the total reflection of 
ordinary light sources such as head- 
lights. He explains that normally the 
temperature of the air declines about 
3.5 F per thousand feet of altitude. 
But under certain conditions, layers 
of air at higher temperatures get 
sandwiched into the cold air, causing 
what is known as temperature inver- 
sion. Because of the difference in 
density, the inversion layer has a dif- 
ferent index of refraction than the 
cooler air, and lights from the ground 
are totally reflected back down by the 
layer. As a result, observers away 
from the source see the lights ap- 
parently in the sky; and since both 
the layer and the source may be mov- 
ing, the flying saucers perform in- 
credible movements. 

Menzel has built a laboratory ap- 
paratus in which he can set up an in- 
version layer of air and make phenom- 
ena similar to flying saucers. 


Ionization Theory 


Another explanation was pro- 
pounded by a scientist at the Fort 
Belvoir Engineer Research and De- 
velopment Center. He reported that 
when ionized balls of air are injected 
into rarefied air, the balls glow. In 
addition, they move about in an ec- 
centric manner at high speed. Again, 
he was able to build a laboratory av- 
paratus that would produce this 
phenomenon. 

It's quite likely that both of these 
theories are required to explain all 
the flying saucers that have been re- 
panied by credible observers. Most 
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scientists Wilo have studied the prob 
lem feel that the blundering manner 
in whicn the Air Force attempted to 
pass oli the reports as imagination 
only added to the confusion and con- 
vinced the public that the Air Force 
was trying to cover something up. 

When August dogdays hit Wash- 
ington, a flood of visual and radar 
flying saucer reports forced the Air 
Force to tell all they know about th 
subject. 

The solid official viewpoint was ex 
pressed by Major General John A. 
Samford, Chief of Air Force Intelli 
gence. 

General Samford said, “We have 
received many reports of incredible 
things from credible sources. But 
there is nothing to indicate that the 
things seen or reported to have been 
seen in the skies are vehicles, material 
things, missiles, or anything elese that 
might comprise a threat to this coun- 
try." The chief of intelligence added 
that about 20 percent of the reports 
cannot be explained. The remainder 
can be associated with jet planes, bal- 
loons, or some other object. 

Now the Air Force admits that the 
unaccounted-for 20 percent of the 
flying saucers are not imagination; 
they claim they are optical, climatic, 
or atmospheric phenomena. 


Old Stuff 


According to saucer experts, the 
non-existent flying objects are not 
new. They have been reported since 
biblical times. There was a similar 
rash of reports in this country about 
1846 and nothing came of these fly- 
ing mysteries at that time. The Air 
Force has been investigating the cur- 
rent version since 1947. To date, 
nothing tangible has come from them, 
since nothing has ever been recovered 
from a crash. 

Recent radar sighting of flying 
saucers adds little information to that 
already gathered, because radar ex- 
perts are used to their equipment pick- 
ing up ghosts. Best example: During 
World War II a Navy task force off 
the coast of Alaska fired over 1,000 
rounds of ammunition at an enemy 
picked up on radar. When the enemy 
didn’t fire back, the Navy discovered 
their radar had picked up reflections 
from fog banks. Some specialists feel 
that radar waves can be reflected by the 
inversion layer just as light waves are; 
this would produce pips on radar 
scopes where no pips should be. 

However, the flying saucer mystery 
has not been dispelled to the satisfac- 
tion of everybody. People still hold 
on to their pet theories, such as: 

1. One investigator, a chemical en- 
gineer by profession and a saucer 


expert by avOcauion, Cidillis Uiat UN 
saucers are actually 
that belong to the Wavy. His reason 


most 


guided Missiles 
Š 


Ing: repoils QUint irom arcas 
close tO naval installations and the 
saucers travel courses ot established 


radio lanes whcre radio beams would 
be helptul to Naval Scientists in flight 
control. 


Visitors from Space? 


2. Another expert figures that the 
saucers are [rom outer spacc, visitors 
from another planet. In his opinion, 
they are guided missiles controlled 
from a mother space ship that operates 
in Outer space—much like our idea ot 
a satellite vehicle. Reason: reports ol 
saucers seem to come in groupings 
that have a frequency of about every 
six months. Something that indicates 
the earth is in the correct phase of its 
orbit that would permit a space ship 
to approach. 

The same expert claims that the 
saucers are unmanned and are there- 
fore capable of sudden terrific changes 
in direction and speed that would 
certainly crush a human through “G” 
forces. 

3. Still another school of thought 
tries to explain the larger flying 
saucers like the one sighted by an 
airlines pilot a couple of years ago 
Explanation: manned scout ships from 
a main space vehicle. The airlines 
pilot (on an Atlanta run) described 
the object as “a long cigar-shaped 
vehicle with a double row of lighted 
windows.” 

4. According to another former 
flyer who has made a study of saucer 
reports, the so-called saucers are not 
really saucer-shaped. They have the 
configuration of an egg and fly with 
the larger end forward. 

5. A Los Angeles engineer and for- 
mer Air Force pilot reported seeing a 
flying saucer that split in half and 
both halves kept right on flying. He 
estimated that the saucer was cruising 
at about 30,000 ft. when the fission 
occurred. 


Air Force Says No 


The Air Force counters space travel 
ler claims with the observation that 
the objects do not follow a reasonable 
pattern and they fly in a haphazard 
manner apparently without purpose 
Therefore, they could not be intelli 
gently controlled. 

Saucer hunters expect that there will 
be more reports of the flying oddy 
gwoddies, probably when the tempera 
tures start rising again. General Van- 
denberg, Air Force Chief of Staff, 
warns against auto-suggestion. He 
feels that many people see flying 
saucers because they want to see them 
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TYPICAL PARTS flame-plated with tungsten carbide: (A) saw blade teeth; (B) machine spindle bearing surfaces; and (C) core rods 


Processes: Flame Plating Applies Hard Surface 


WHEN A MACHINE ELEMENT needs a 
hard, wear-resistant surface, a de- 
signer can specify sintering, clectro- 
plating, welding, hard facing, metal- 
lizing, or flame-hardening. Now Linde 
Air Products Company, New York 
City, has developed a new process that 
applies powdered metals to metal parts 
in the form of a coating ranging from 
0.0005 in. to 0.020 in. thick, that is 
resistant to abrasion and friction wear, 
and has improved resistance to impact 
and thermal shock. 

Linde claims that their ‘Flame- 
Plating” process is superior to other 
hardening techniques because they can 


Yeo in. protective lip. 


Undercu# for 
coating ~~. 





prevent any change in the propertics 
of the base since temperatures of the 
base metal never exceed 355 F. And 
this coating is mechanically bonded to 
the base metal, so there is no chance 
for dilution of the coating. 

The company says that the process 
will work with many powdered met- 
als, but they have concentrated on a 
method of applying tungsten carbide 
to precision parts of varied shapes. 
Composition of this coating is 92 per- 
cent tungsten carbide, and 8 percent 
cobalt combined in complex carbides 
of tungsten and cobalt. 

In designing to use the new process, 


Undlercu f 


Ye in. 
“>> protective 


FlatAreas 


DESIGNING FOR FLAME-PLATING. Parts are undercut for the desired thickness of 
coating. Protective lips are left at edges that will be subjected to abuse or where two 


flame-plated surfaces meet at right angles. 
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the parts are undercut to allow for thc 
desired thickness of coating. A small 
protective lip is left at any edge wherc 
the part may be subjected to abuse or 
where two Flame-Plated surfaces are 
at right angles to each other. 

Microscopic study of the coating 
reveals that the bond between the coat- 
ing and the base metal is not a welded 
bond. The base must be deformed to 
break the bond; if the coating is thin, 
the coating will crack vertically; if the 
coating is thick, it will tend to sepa- 
rate from the base on deformation. 

Properties claimed for the new 
coating include a hardness of Rock- 
well A 89.3; negligible amount of 
porosity; good resistance to moderate 
thermal shocks below 2,000 F, since 
stresses induced during flame plating 
are low. 

Because of the nature of the bond 
between particles of the coating, the 
modulus of elasticity is maintained at 
about 15,000,000 psi as compared to 
85,000,000 to 90,000,000 psi for sin- 
tered tungsten carbide parts. As a re- 
sult, light loads cause a slight de- 
formation of the coating and impro 
wear and abrasion resistance by dis- 
tributing the load over a larger portion 
of the bearing surface. Also, if the 
coating is applied to a ductile metal, 
it will deform along with the metal 
instead of cracking when the base 
metal is under load. 

While the coating resists attack by 
mild alkalis and detergents commonly 
used in lubricating oils, it cannot be 
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ised if the part is exposed to most 
acids or strong alkali solutions. 
Compared to other materials, the 
Flame-Plating appears to have several 
idvantages. The coating is more duc- 
tile than sintered tungsten carbide and 
an be used economically on parts that 
are too big or too irregular in shape 
for sintering. Linde claims that these 
oatings will last five times longer 
than sintered tungsten carbide; 15 to 


20 times longer than hard chrome 
plate; and up’to 50 times longer than 
tool steels. 

Compared to other methods of pro- 
ducing hard surfaces, the main ad- 
vantage of this process appears to be 
in the fact that it is a low-temperature 
technique. This prevents the base 
from warping or changing its prop- 
erties. 

However, there are certain limita- 





Properties of Flame-Plating 





EE Sob ees eae Tungsten carbide (92 percent tungsten carbide, 8 percent 
cobalt). 
I siete ec Sel occ awaa | Maximum 0.020 in; Minimum 0.0005 in. 








Base Materials... 


Tool steels, cast iron, aluminum, copper, brass, bronze, 


titanium, magnesium. 


Hardness... 





1200-1500 Vickers (300 gram load). 


Rockwell A 89.3. 


Modulus of Elasticity... 


PR athens a aneae ets. 


Tensile Strength......... 


Corrosion Resistance 


Thermal Shock iiia ¥ 





"| 15,000,000 psi. 
Les than OS percent: 
Cusine v0 die to einen. 
Attacked by susie acids and strong shale. 


Good for moderate shock below 2,000 F. 








ie A a a E Te re aoe S : 
Mechanical Shock Resistance.| Inherently brittle. Can absorb moderate amount of defor- 


| mation. 


For best resistance, coating should be less than 


0.003 in. thick after grinding. 
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Piezo-Electric Element 
Measures Surface Roughness 


AMSTERDAM—Phillips’ Works of 
Eindhoven, Holland, has a new device 
for solving the old problem of meas- 
uring surface roughness. Using a 
piezo-electrical element of barium ti- 
tanite that converts surface irregulari- 
ties to an electrical current, the 
Phillips roughness meter consists of 
tester, amplifier, and a meter. 

Included with the barium titanite 
element in the tester is a sapphire 
needle. As the tester is moved by 
hand across a surface, the needle fol- 
lows irregularities and transmits them 
to the piezo-electrical element where 
they excite an alternating current. 
Magnitude of this current depends on 
the depth of the surface grooves. 

This generated voltage is then am 
plified and rectified before it is meas- 
ured by the moving coil meter. The 
meter readings indicate a mean value 
of the irregularities. 

Phillips has developed a special set 






125 microinches rms (as coated). 
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2 microinches rms (after finishing). 


of standards to be used with the tester. 
Based on the mean value of the peaks 
and valleys of the grooves left by the 
cutting tool after the turning or plan- 
ing as a measure of roughness, the 
machine measures in terms of rough- 
ness units, (ru.) If the mean value 
in height is one micro-inch, the surface 
has a roughness of one ru. 

Four chrome-plated sample plates 
are supplied to calibrate the machine; 
a “plain-machined plate” has a rough- 
ness of 125 ru; “smooth machined,” 
32 ru; “very smooth machined,” 8 
ru; and “lapped,” 2 ru. 

Because of the piezo-electrical ele- 
ment, the tester is so small (about 4 
in. high, and $ in. wide) that the 
inner wall of $ in. hole can be ex- 
amined. Also, the unit can be modi- 
fied so it will examine the bottom 
surface of such a hole. 

Although the manufacturer recom- 
mends a speed of between two and 
four inches per second, speed of trav- 
ersing the surface with the tester does 
not appreciably affect results. 





tions to this process in its present stage 
of development. First of all, the proc- 
ess may not be economical for many 
manufacturers at this time because the 
coating must be applied at Linde’s 
Speedway Laboracories in Indianapo 
lis, Indiana, and the round trip ot 
parts is time-consuming and expensive 
Linde expects to establish additional 
facilities for the process through 
the country. 

Now prices for the process itself 
depend on size and shape of the part, 
thickness of deposit, and number of 
articles in the run; in general, small 
parts carry the highest charges per 
unit area. Typical prices: 70 cents per 
sq in. for 0.001 in. thick coating on 
cylindrical articles over 14 in. in dia; 
$10 per sq in. for 0.010 in. thick 
deposit on cylindrical objects 4 in. in 
diameter. 

This places the cost of Flame 
Plating between the cost of a conven 
tionally hard-faced part and a sintered 
tungsten carbide. 

Another current limitation is th 
size of parts that can be processed 
Present equipment at Speedway limits 
the size of surfaces that can be treated 
to 6 in. wide by 40 in. lone 

Also resinoid diamond 
wheels are the only grinding wheels 
suitable for finishing these coatings 

Linde has applied for a patent on 
Flame-Plating and is reluctant to 
divulge the exact method of applica- 
tion until the patent has been granted 


bonded 


SPI Sponsors 
Plastic Pipe Research 


TO PROVE THAT PLASTIC PIPE is non 
toxic when used in a water transmis 
sion system and will not impart a 
taste or odor to water, the Society o! 
the Plastics Industry, Inc., will spon 
sor a research evaluation study at the 
National Sanitation Foundation of the 
University of Michigan. 

Reason for the program is that the 
public health authorities of some 
states will not approve the installation 
of plastic in a water transmission sys 
tem. In the absence of any authorita 
tive data on the toxicological proper 
ties of a plastic pipe, these publi: 
health men have been playing it saf 
and banning plastics. 

Estimating that the evaluation will 
take two years to complete, SPI has 
asked for tests on Polyethylene, Po! 
styrene, Cellulose Acetate Butyrate, 
and Copolymers of Polyvinyl Chloride 
to get the program started. Other 
materials will be studied later 
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PLASTIC DIE is placed in boxing fabricated of boiler plate because of high impact 
resistance required. Plastic punch is in the foreground; lower half of die is in the 
middle; and in the back, upper half is being lowered to floor for inspection. 


Thermosetting Plastic Replaces Steel in Auto Die 


FACED WITH HIGHER STEEL PRICE and 
a shortage of alloys because of the steel 
trike, the Chrysler Corporation bor- 
rowed a leaf from the Aircraft indus- 
(PRODUCT ENGINEERING, April 
, p 211) and put into production 
madc of thermosetting 
liquid phenolic instead of high alloy 
teel. The plastic die, used in a stand- 
ard 100 ton press to form steel cowl 
panels for Dodge trucks, weighs only 
1,500 Ib compared with 6,000 lb of 
teel required in old dies 
Big financial savings are realized 
because of the material and the way 
the die is made. One half of the die 
was formed by pouring cold liquid 
plastic into a plaster mold of the truck 
panel; to cast the half, th 
same mold was coated with wax to 
simulate the thickn: 
steel piece. 
Since the plastic material generates 
heat as it sets, its own chemical reac- 
tion hardens the die and a 24-hour 


try 
1952 
a draw dic 


sec ond 


ss of the finished 


90 


exposure to the heat of infra red 
lamps cures the plastic. The die re- 
quires no machining after it is formed. 

Just as important as the cost saving 
to the automotive industry, which 
changes models every year, is the big 
saving in time required to make plas- 
tic dies. Chrysler made their first 
phenolic die in less than three weeks, 
compared with 14 to 16 weeks neces- 
sary to make a comparable steel die. 

Chrysler has formed only a few 
hundred parts with the new die so 
they have no data to indicate how the 
dies will stand up. However, aircraft 
manufacturers have reported that their 
plastic dies have almost unlimited 
life when forming aluminum - and 
stainless steel parts. 

While this represents the first use 
of plastic dies in the automotive in- 
dustry, airframe manufacturers have 
been using them for about two years 
to cut toolmaking time and to improve 
handling of dies by reducing weight. 


Progress Report: 
How to Purge Fuel Tanks 


ONE OF THE SERIOUS PROBLEMS that 
iace air lines and the Air Force is how 
to minimize the danger of combustible 
mixture explosions ın fuel tanks, sur 
rounding areas, and in engine nacelles 
When tuel tanks are full, the danger 
ot explosion is slight; but as the fuel 
is used, it is replaced by air which 
absorbs gasoline vapors and forms 
combustible mixtures. The Ryan Aero 
nautical Company of San Diego, Cal., 
is Currently investigating tor the Aur 
Force metnods ot preventing explo- 
sions and has recently made public a 
partial report on their progress. 

While many otf the details have 
been classitied by the military, Ryan 
was able to indicate in general terms 
the direction in which they are mov- 
ing. Two basic plans have been devel 
oped for reducing the oxygen content 
ot the space above the tuel and in 
dangerous areas: 

By carrying inert bottled gases like 
carbon dioxide or nitrogen. 

By filling the space with exhaust 
gases from the aircraft's engine; by 
carrying a small auxiliary engine 
whose main purpose is to generate ex- 
haust gases to fill the space above the 
fuel tanks; or by using exhaust gases 
from auxiliary power plants. 

Bottled gases invoke a serious logis- 
tics problem for military air bases be- 
cause these stations would have to 
make the gases if this system were 
adopted. In addition, such a system 
for a four engine airplane may add 
as much as 800 lb to the weight of the 
plane. 

On a weight basis, there is not much 
difference between using nitrogen or 
carbon dioxide. Carbon dioxide can 
be compressed to a smaller volume 
than nitrogen but it requires heas 
high pressure containers and could 
cause an explosion itself if the tank 
were hit by enemy fire. Nitrogen is 
lighter than CO, but cannot be com- 
pressed as much and would require 
bigger tanks. 

Exhaust gas systems look more 
promising. Logistically superior since 
it automatically provides a source of 
inert gases, this method involves a 
number of technical problems. Before 
the exhaust gases can be brought into 
the tank they must be cooled in a heat 
exchanger and purified by the removal 
of moisture and corrosive substances. 
Then they must be distributed at the 
proper pressure through the dangerous 
areas. All of these processes require 
equipment that adds weight. 

Ryan has developed a “de-corroder” 
that removes chemical contaminants 
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rom the exhaust gases so that light 
weight aluminum heat exchangers and 

»iping can be used. But the Air Force 
as not yet decided on which tech- 
iique to use. 

Another opinion on the subject was 
xpressed by R. Tom Sawyer, Ameri- 
an Locomotive Company, to the 
ASME fall meeting. Sawyer claimed 
the answer to aircraft fucl tank explo- 
sions lies in changing the fuel to 
something similar to that used in air- 
craft jet engines. Jet fucl is a form 
of kerosene and is not explosive like 
gasoline 


Pay-As-You-Go 
Lightens ‘1 uition Load 


IN HOBOKEN LAST MONTH, engineer- 
ing students got a cnance to try out 
Stevens’ Institute of Lechnology s new 
pay-as-you-go" plan, while educators 
trom coast to coast watched the Jerscy 
campus to see if this was the answer 
to the high cost of a college degree. 

In effect, the plan permits a student 
to pay his college tees in 12 monthly 
installments instead of two large 
lump sums. Here is how it works: 

Stevens has made arrangements with 
two local banks who will lend students 
tuition, dormitory fees, book costs, 
etc., at low interest. Actually, the 
banks pay the college the amount of 
the loan in advance, and the student 
repays the loan directly to the bank. In 
this way, Stevens still gets its fees in 
advance, but the students don’t have 
to make any big payments. 

Any student or prospective student 
can apply for the loan under the plan, 
and loans are granted on the student's 
signature, if he is over twenty-on 
years of age, or on his parent's signa- 
ture. The banks charge four percent 
interest and repayments start 30 days 
after the bank makes the loan. 

According to President Jess 
Davis, the most encouraging thing 
about the plan is the interest that 
banks have shown. Since announcing 
the program in July, the college has 
been swamped by inquiries from finan- 
cial institutions. 

Dr. Davis said, “In their letters, 
the presidents of several banks have 
indicated that they have been con- 
sidering various forms of low-interest 
loans for college students for some 
time. This may be a sign that finan- 
cial circles are at last becoming con- 
cerned with a problem that has both- 
ered educators for years: how to en- 
able a deserving student to get a col- 
lege education regardless of his eco- 
nomic situation.” 
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Manpower Commission Study 


Urges Better Use of Engineers 


FOR THE PAST YEAR, the Engincer- 
ing Manpower Commission of the 
Engineers Joint Council has been 
casting an eagle eye on how indus- 
try and the military have been using 
engineers and not liking what they 
saw. Last month the Commission 
decided it was about time that the 
U.S. realized there was an acute 
shortage of engineers that was 
worsening instead of improving 
and did something about it. The 
result: 23 pages of observations and 
recommendations on how to spread 
the thinning crop of engineering 
graduates so that industry, govern- 
ment, and the military each get 
their fair share. 

The Commission found two 
things wrong with existing man- 
power legislation: laws have been 
written that do not take into con- 
sideration the fact that there is a 
shortage of engineers and scien- 
tists; or if the legislation recognizes 
this, the bureaus administering the 
legislation are not following the 
spirit of the law. 


Spokesman Carey H. Brown, 
Chairman of the Commission, 
acknowledged that every citizen 


shares an obligation to serve his 
country. But he claimed that this 
service should be where it will do 
the nation the most good. To ac- 
complish this, he recommended the 
following immediate action: 

> All segments of our economy, 
governmental and non-governmen- 
tal, follow the principles set forth 
in the National Manpower Mobili- 
zation Policy promulgated by Presi- 
dent Truman on January 17, 1951. 
This proclamation provided that 
“Each individual will be expected 
to serve in the capacity in which he 
can contribute most to the mobiliza- 
tion program.” But several branches 
of the government, particularly the 
military, seem to give first consid- 
eration to numbers and availability 
rather than to qualifications. 

>In developing programs and 
plans for national security, mobil- 
izers should give consideration to 
the value of building up the pro- 
ductive potential and coordinate 
manpower with this potential. 
Brown stated that greater produc- 
tive facilities are more important 
in providing for successful =e 
than build-ups of the military i 
time of partial mobilization. 


> Develop and enact into law a 
practical plan tor Universal Mil 
tary Training with provision to re 
duce our standing Armed Forces as 


soon as practical. This period ot 


training should be timed so as to 
interficere tO a muinimu degre 
with education and commie 

> Strengthen the Selective Service 
System with advisory service to 
local and state ba so that eens 
Organizations will have sufficient 


facts to make a wise and just selec 

tion of engineering personnel in the 
interest of national security. 

> Modify Selective Service regula- 
tions so that college students in 
engineering science and other crit 

ical fields can finish their education 
before being inducted in the same 
manner as is now being done for 
those enrolled in ROTC programs 
> Amend the Armed Forces Re- 
serve Act of 1952 so as to provide 
for the creation of a Civilian Re- 
serve Governing Board, outside the 
military departments, to establish 
criteria for and make final decisions 
concerning the classification and 
mobilization assignment of reserv 

ists having specialized skills and 
experience. 

> Amend the Armed Forces Re- 
serve Act of 1952 to provide for 
the continued training of scientific 
personnel without interruption 

> Use the ROTC to train reserve 
officers needed in technical branches 
of the service and obtain combat 
officers through Officer Candidate 
Schools. Revoke the recent Army 
and Air Force decision to discon- 
tinue technical training in ROTC 
> Establish new criteria for choos- 
ing ROTC students so that the 
distribution of graduates between 
military and civilian agencies will 
better satisfy national needs. 

> All segments of our economy, 
governmental and non-governmen- 
tal, take steps to use engineering 
personnel to the best advantage by 
setting up manpower budgets. 
Move engineering personnel from 
positions not requiring professional 
or scientific training, and maintain 
salary differentials between senior 
engineers and those newly gradu- 
ated. (Competition for new grad- 
uates has resulted in unprecedented 
levels of starting salaries, while 
those of senior engineers have not 
changed proportionately.) 
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BUFFALO 
Oct. 29, through Oct. 31. 











MINNEAPOLIS 
Sept. 29, through Oct. 1. 





NEW HAVEN 
Nov. 11, thrdygh Nov. 13. 





“BRINGING the mountain to Mohamet might best 

describe Dow Corning Corp.'s traveling exhibit . .. 

Sar Fee t. 10 Free standing panels . . . separate the exhibit into 
© : R nine bays, each emphasizing a property of silicones 

and showing where that property brings a benefit 
to an actual end product or operating unit...” 
INDUSTRIAL MARKETING (June 1952) 




















NEWARK 
Nov. 4, through Nov. 7. 





0 € 


nu 


to Les en l: i WINSTON-SALEM 


Dec. 9, through Dec. 11: 


CINCINNATI 
Oct. 21, through Oct. 23. 


ZA OLGU in design “NEXT TO THE GREATEST SHOW ON EARTH... 


Anite Mer ath We could go on . . . reciting the fantastic properties 
of Silicones, but just as breathtaking as the 5 oe 
materials were the display techniques used to on neta, 
demonstrate them .. .” AEN LICONE EXPOSITION SL > uN 


CIRCUIT RIDER (Vol. 6, No. 2, published by 
Electrical Construction and Maintenance) 






DOW CORNING 
SILICONES +e s are no longer a mystery ora 


“future possibility” to the 17,000 executives 


“Heat Stability Plus: Visitors . . . see, among and engineers, representing more than 4600 

other demonstrations, how Silastic (Dow Corning’s 

silicone rubber) remains soft and flexible at tem- 

peratures far above the limits of organic rubber...” Dow Corning Silicone Exposition. * 
CHEMICAL WEEK (Jan. 26, 1952) 


plants, who have already seen the 


They learned that silicones are fluids and resins 


that keep clothes and shoes and brick walls 
ST. LOUIS 


dry in the rain. They're fluids that 
Sept. 23, through Sept. 26. Alp teenie ieegeapemmainaaa 


polish without rubbing. 


They're rubber that won't melt on hot aircraft 
engine cylinders or freeze on switches that 
operate bomb bay doors at 100° below zero. 


*\in Boston « Chicago * Cleveland « Dayton 
Detroit * Fort Worth «+ Houston 
Indianapolis + Los Angeles + New York 
Philadelphia » Pittsburgh «+ Seattle 
Washington, D.C. + or Wichita 


They're electrical insulating resins and varnishes 
that double the power of electric motors, or 





multiply by 10 the life of electric machines. 


DON’T MISS IT “IF YOU HAVEN'T already seen it, don’t miss it They're paints that protect metal at 1000°F. 
when it comes eround . . .” They're foam killers and release agents. 
MAIL THIS COUPON TODAY POWER ENGINEERING (May 1952) p 7 c : 
They're a whole family of new engineering 
aan Dept. 8-22 materials that can help you to improve 
Kindly include me among your guests at the your product or to cut production costs. 
private showing of the Dow Corning Silicone 
Exposition in Atlanta 
O St. Louis O Buffalo Chicago 
D Miwesese J Now Haves Cleveland 
oR dia oo eee DOW CORNING CORPORATION 
NO ik a ee eee Dallas MIDLAND, MICHIGAN 
ADORESS.. a at te ve a Los Angeles 
OG So ee New York CANADA: Fiberglas Canada Ltd., 1200 Bay St., Toronto, Ontario 


a eatin Washington D. C ENGLAND: Midiand Silicones Ltd., 49 Park Lane, London, W.I 


204 Propucrt ENGINEERING — OcrTosBeR, 1952 





ae 


tana oli 8 tl 








curv 
the 
any 


witl 
tion 
tem 
usec 
mul 
per 
oth 
the 


coil 
C lo: 
equ 


wh 


th 


tu: 


E) 


mA il A 





a Sn aT ATA AT : REFERENCE BOOR SIHIEELI 






Designing Electric Heating Elements 


JOSEPH GIALANELLA 
> r Engineering Research Lab., Amersil Co., Inc 





















When designing heaters for continuous operation, the 100 
curves shown in Figs. 1 and 2 can be used to determine 
the size and length of Nichrome V wire required for 
any given heat load. 

In Fig. 1, the recommended B & S gage wire is given 90 
with a tolerance of +2 sizes for 110 and 220 volt opera- 
tion. Since the resistance of any conductor varies with 
temperature, cold or room temperature values have been 
used as the coordinate. This cold resistance is obtained by 
multiplying the resistance required at the operating tem 
perature by a conversion factor from Table I. For materials 


80 


tf 


: other than Nichrome V, similar factors are available from > 
the manufacturers. oi | T 
When the heating element is formed into a helical É | PA 
$ coil, the curves in Fig. 2 can be used to find the required | = 
closed coil length. These curves are based on the following ~g 


equation: 


| . 
p 60 t : 

_ DR | > 

12d 3 

| = 

where | 3 
r ohms per in. of closed coil 50 — | > 

D = mean diameter of coil, in | = 


R’ = resistance per foot, ohms ft 
7d = wire diameter, in. 


As used above, a closed coil refers to a heating element e 
that is compressed solid. In practice, a coil is stretched from 
14 to 4 times its closed length to prevent shorting be- 
tween adjacent turns and to supply sufficient space between 
turns for removing the heat. 30} 


Cold Resistance at 70 F, ohms 


)7aa-+>~ BES wire sizes 

| (#2 sizes can be used 
with recornrmerded | 

values) 





SIMA CSI HIF NA ti Phe 


is required for 110 volt operation. The largest outside 20 
coil diameter that will fit in the heater is } inch. 


From Fig. 1, the recommended B & §S size is 11 + 
Using 13 B & S gage wire, the dashed line on Fig. 
indicates that 16.0 in. of closed coil is required. 


N 


N 


The curves in Fig. 2 can be used for materials other 
than Nichrome V, but the resistance or length of closed coil 
must be multiplied by the ratio of cold resistives. The C 1000 2000 3000 4000 5000 
resistivity of Nichrome V is 650 ohms per cir. mil-foot. Power, watts 





EXAMPLE 
A 2,500 watt immersion heater of Nichrome V wire 
| 
| 
| 
| 
f 
0 


ha a A Va raii Paii 


Table I—Conversion Factors For Nichrome V 





| j 
Operating Temp., F............ 68 | 200 400 600 800| 1000| 1200| 1400| 1600| 1800 2000 








Conversion Factors........ ....| 1.000 | 0.984 | 0.964 | 0.948 | 0.938 | 0.935 | 0.939, 0.942 0.938, 0.934 0.928 
| | | 





(Continued on page 207) 
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Auto-Lite Silicone-insulated Wire is im- 

mediately available for use on civilian 

products — where extreme temperature 
A 


<{Y Withstands extreme temperature 
i ranges — from — 60°F to 400°F. 


<{¥ Good retention of electrical 


properties. 


Auto-Lite has the facilities avail- 
able to accommodate your biggest 
demands for Silicone-insulated 


Wire. Inquire today! 


THE ELECTRIC AUTO-LITE CO. 


Wire and Cable Division 


Port Huron, Mich. Hazleton, Pa. 
> * > 
Tune in “SUSPENSE!” CBS Radio Monda ys 


. . CBS Television Tuesdays 


UTO-LITE 








ranges occur. Check these advantages of 
Auto-Lite Silicone-insulated Wire for 
both high- and low-voltage applications. 


fy Highly resistant to bacteria and 
fungi. 
Extremely good weather aging 
qualities — does not become 
brittle. 








Mire ahd Cable 
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Designing Electric Heating Elements (continued) 
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Outside Diameter of Closed Coil, in. 


a Pane etm 


1.5 20 
Cold ohms/in. of Closed Coil 
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Here is a part forged from 3-inch round Armco 
TS 347F before and after machining. Good tora 
ing and machining qualities are combined in 


this highly heat- and corrosion-resistant grade 
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Type TS 347F is a new Armco free-machining stainless steel. 

It was developed to meet the demand for improved machinability 
in the stabilized Type TS 347, used in jet engine parts 
subjected to high temperatures. 

You may not be building jet engine parts. Yet it is good to 
know that this free-machining grade, fortified against 
intergranular corrosion by a columbium-tantalum addition, 
is now available for applications authorized by NPA. 

OTHER FREE-MACHINING TYPES 

Besides TS 347F, Armco produces the free-machining types: 
303, 416, 420F, 430F and 440F. These grades contain closely 
controlled amounts of sulfur, phosphorus or selenium. 

They are used where longer tool life and faster metal-removal 
are essential. The free-machining grades are indispensable 

in screw machine work where there are critical drilling 

and forming operations. 

ASK US FOR INFORMATION 

Each of the Armco free-machining stainless steels has 

its field of preferred applications. We will be glad to give our 
recommendations on the best type for your requirements. 

If you need general information on speeds, feeds, tool types 
and the rest, write for a copy of the booklet, “Machining of 
Armco Stainless Steels.” 


ARMCO STEEL CORPORATION 


4132 Curtis Street, Middletown, Ohio 


( arrn] ) 
Plants and sales offices from coast to coast pRMCO 


Export: The Armco International Corporation V 
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Ordnance Corps 
Standards for 
Commercial Safety Nuts 














BOOTS 
Boots Aircraft Nut Corp. 


Upper section of nut is threaded out of phase with re- 
spect to the main portion. It is also designed with lim- 
ited spring action to provide elasticity. 


ELASTIC STOP NUT 
Elastic Stop Nut Corp. 


« 
£ 
£ 
$ 
€ 
Z 
4 


Fiber or nylon insert in the head of the nut has an 
inside dia smaller than the major dia of the nut. Fiber 
insert is reusable in accordance with AN-N-5 (15 times 
on-off); nylon will withstand several hundred cycles. 


FLEXLOCK 
Standard Pressed Steel Co. 


Top portion of nut is slotted and the six threaded sec- 
tions thus formed are closed in on the bolt. 


adrianm Samai ai e 


HUGLOCK 


National Machine Products Co. 

The National Screw & Mfg. Co. 

Russell, Burdsall & Ward 
Bolt and Nut Co. 





Tapered upper portion is slotted. The curved-in sections 
gradually engage the bolt threads with a resultant 
radial and downward elastic force. 
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LAMSON 
The Lamson & Sessions Co. 


Locking collar is distorted into oval shape for two- 
point locking. Threads in main body carry the working 
loads, 


—_ 
> — 
a i= 
Mac-LEAN FOGG l A 
MacLean Fogg Lock Nut Co. 


a 


Closed in threads secured by forming the upper portion 
of the nut into three-point contact for locking. 


t7 


f AIIIN G 









— > à 
MARSDEN -er > i 
fea T s 
National Machine Products Co. | = i ry l 
The National Screw & Mfg. Co. | E z. 
The Lamson & Sessions Co. f fee 72 
Russell, Burdsall & Ward Ness N 
Bolt and Nut Co. KNEE ~ 
AN > 
>> 
Upper portion of nut is slotted and the bottom re- => 
cessed. When nut is tightened against an unyielding = 
seat, threaded upper segments move inward elastically. 4 
of 
= 
SECURITY | | $ 
Security Locknut Corp. f j ` 





A combination of standard nut and an elliptical spring 
steel insert. Threads on insert and nut body are also 
misphased. Ear on insert prevents undesired turning. 


STOVER 


Stover Lock Nut 
and Machinery Corp. 


Upper part of two opposite flat sides are compressed so 
that the top of the nut is elliptical, the lower section 
circular. For identification, top is knurled. 





One Piece Molded Elastic 


Piston Seal 


A new, one piece molded elastic 
piston seal, designed as an alternate 
for diaphragm or piston operated de- 
vices, is a leak-proof, movable seal for 
all pressures and strokes, and can be 
incorporated in the design of pneu- 
matic and hydraulic motors, Sadie 
shaft seals, valve seals, cylinders, 
pumps, brake mechanisms and other 
devices. At present it is being manu- 
factured in natural rubber, Buna-N, 
Butyl, and other synthetics for special 
applications. 

Similar to the conventional dia- 
phragm construction, the hydroseal 
has a circumferential holding method 
that uses a peripheral bead for pres- 
sure tightness. A cylindrical form of 


rubber, it will stretch, rather than 
flex, as in a diaphragm, within the 
safe limits of the material being used. 

The use of this seal in piston 
operated devices eliminates: close ma- 
chine tolerances, polishing and hon- 
ing of cylinders, piston rings and 
O-rings, and the need for other forms 
of sealing. Contamination of the hy- 
draulic fluid does not damage the seal. 

Some of the advantages of the new 
seal over diaphragms are: same effec- 
tive area but with about 15 to 30 per- 
cent less diameter; positive sealing 
and absolute tightness; no cloth in- 
serts; little or no maintenance cost, 
with greater life; burst pressures can- 
not be compared—a diaphragm may 


| =p 


ofa NS mm op a hae 


withstand 100 lb pressure, whereas 
the hydroseal has been used up to 
3,000 lb pressure; no leakage around 
bolt holes; long strokes are possible; 
the load is supported by metal, while 
in diaphragms the cloth inserts are 
always under tension and carry the 
loading. 

Shown below are four styles of end 
mountings. The dimensions S, and S, 
are diameters of the seal, with D the 
effective area. Dimension L, is the 
free length; Lo the length at minimum 
stroke; Lg the length at maximum 
stroke. Often L, and Lg are the same. 
With L, being greater than L,, it 
develops a preload due to spring rate 
at a minimum stroke. This preloading 
(spring rate) is important in appli- 
cation where the motive force is at a 
minimum, or where the known return 
stroke is essential. 


The Farris Hydroseal Corp., 
705 Commercial Ave., Palisades Park, N. J. 
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Resonant Reed 
Frequency Sensitive Relay 


Based on the characteristics of tuned steel reeds 
resonant reed relay responds to alternating signals having 
frequencies and amplitude values that are within specified 
bands. When a proper signal is applied, a reed relay will 
respond after a few cycles by closing its contacts for a 
fraction of each cycle. 

The transmission of a number of control signals over a 
single circuit is said to be simplified with reed relays, and 
their use is not limited to wire circuits but may be extended 
to all types of communication circuits, including radio. 

In a typical application, a control function is used to 
turn off or on a series of low frequency signals (50-500 
cps). The signal is transmitted either on a wire line, or as 
a modulated carrier to some remote location where it oper- 
ates a reed relay to indicate the control function at that 
point. Since each relay will only respond to a narrow band 
of frequencies, it is possible to operate a number of relays 
simultaneously by making use of an equal number of source 
generators arranged so that none of the operating fre- 
quency bands overlap. In the range of 200-500 cycles it is 
possible to operate up to 16 channels with no interference 
between channels. 

If a single receiving relay is used for each function, it is 
possible to handle 16 control functions. When “n”’ relays 
are used, the number of control functions which can be 
handled is equal to the number of combinations of 16 
relays taken “n” at a time. Where 4 relays are used 1820 
control functions can be handled. 

Neglecting transients, the applied signal can be described 
by two parameters, ampere-turns and cycle deviation, above 
or below some nominal frequency. These two parameters 
can be plotted on rectangular, coordinates so that any value 
of applied signal can be represented by a point. It is then 
possible to classify certain values of applied signals by the 
fact that their plotted points lie within a certain area. Any 
signal that causes a reed relay to respond, will fall within 
an area on such a plot. This area shown in the graph 
above, is called the response region, and the curve bound- 
ing this area is called a response curve. If a relay is re- 
sponding, a signal which will maintain the response lies 
within a larger area called the hold region, which includes 
the response region. 

The relays can be operated at any level between 20 and 
200 ampere-turns. At low levels the operating power is 
about 20 millivolts, while at high levels more than 1 watt 
may be required. The relay coil will not stand more than 
2 watts continuously. For the best operating conditions, the 
relays should be used at a level between 20 and 50 ampere- 
turns. At 20 milliwatts the relay will close its contacts 
within 25 cycles after a suddenly applied signal. At 1 watt, 
less than 8 cycles are required. Coil resistances available 
using standard wire sizes and full wound coil forms range 
from 116 turns at a resistance of 0.40 ohms to 10,000 
turns at a resistance of 3,500 ohms. 


James G. Biddle Co 
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AND PARTS continued 





Signaling Type Temperature Controller 


For accurately controlling operating temperatures ranging 
from minus 100 F to plus 600 F, newly designed Thermo 
Electronic temperature controllers using resistance bulb 
sensitive elements are built with single or duplex control 
action, and are available in six different temperature 
ranges. The standard resistance bulbs, designed for use 
with these controllers, cover practically all process appli- 
cations. The instrument has a relay with load contacts for 
operating heating elements, motor starters, electric valves, 
and signal contacts for the two red and green lights on the 


“instrument door. These signal lights are visible over a 


wide angle at distances up to 100 feet. 

When the temperature at the resistance bulb deviates as 
little as 0.1 F from the control point setting, the instrument 
takes rapid corrective action. The control action is continu- 
ous. The electrical measuring system eliminates time lags 
in transmitting temperature changes from the senstive ele- 
ment to the instrument. 

To take advantage of the responsiveness of the controller, 
all thermo electric resistance bulbs have small volume and 
mass and solid contact between the winding and the outer 
housing. 

The calibration of the measuring circuit is accurate within 
+0.25 percent of the scale range. This accuracy is main- 
tained by stabilized manganin wire resistors cad does not 
depend upon mechanical parts. Variations of the a-c volt- 
age, or variations in resistance of the connecting cable from 
bulb to instrument do not reduce calibration accuracy. The 
circuit is not affected by electrical interference from induc- 
tion heaters, spot welders, or smaller apparatus. Relay 
chatter is eliminated by lock-up circuits. 

The control relay is the only moving part in this instru- 
ment, which operates completely on a-c current. All auxil- 





iary or trimming adjustments, periodic standardizing or 
battery replacements are eliminated. Standard vacuum tubes 
are used in the electronic circuit. Controllers are suitable 
for flush panel or wall mounting, require no leveling, and 
need not be mounted in a vertical position. 


Thermo Electric Co., Inc., Fair Lawn, N. J. 





Single Unit Bellows for Differential Pressures 


A type of single unit bellows assembly for differential 
pressures, originally developed for jet plane fuel systems, 
makes possible the maintenance of absolute pressure by 
means of a single-unit control. In operation, two different 
— are applied to the opposite sides of the large 
cllows in the center of the unit. One tube allows pressure 
to be exerted against the inside surface of the bellows, the 
second tube permits pressure to be applied to the outside 
surface. Since the pressures inside and outside the large 
bellows are acting on the same effective areas, the resultant 
force produced by the difference between the inside and 
outside pressures can be utilized through the center of the 
unit to actuate switches or valves or other controls. The two 
smaller bellows are used to seal the ends of the main 
bellows. 

This single unit assembly can be used in the manufacture 
of thermostatic or pressure switches, which must not be 
affected by barometric changes due to altitude or other 
factors. This is also true of pressure thermostats. 

The unit is said to be useful for flow indication or con- 
trol. Pressure drop across an orifice or venturi can be used 
to “sense” flow in a closed system. 

The manufacturers recommend the new unit for all 
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industrial processes in which the pressures within a 
closed system must be automatically equalized, or where 
absolute pressure rather than gage pressure must be main- 
tained. 


The Clifford Mfg. Co., 152 Grove St., Waltham 54, Mass. 
CONTINUED ON PAGE 274 
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Specialists who designed this speed re- 
ducer entrusted production of its bronze 
worm gear blank to other specialists. 


Foote Bros. Gear and Machine Corporation, 
Chicago, leading producers of Speed Reducers, 
Gears, and other quality Power Transmission 
Components for practically any industrial 
requirement, identify themselves with the 
phrase “BETTER POWER TRANSMISSION 
THROUGH BETTER GEARS’ 


For over twelve years, Foote Bros. have pur- 
chased thousands of ¥2 pound to 1500 pound 
non-ferrous gear blanks from National Bearing 
Division—confidently entrusting their reputa- 
tion and industry leadership to special foundry 
skills for which National Bearing is famous. 


And Foote Bros. confidence is well placed. 


National Bearing’s proven ability to mass 
produce exceptionally fine-grained, non-fer- 
rous castings, free from blow holes and sand 
inclusions, can be depended upon under even 


the most exacting engineering and manufac- 
turing specifications. 

As a typical customer service-plus, National 
Bearing Division’s engineers and foundrymen 
recently designed, and produced for customers 
like Foote Bros., a bronze gear blank that con- 
tains even higher physical properties. 


Through a new foundry technique, National 
Bearing imparts greater hardness, finer grain, 
and more tensile strength to the bronze gear 
blank ring, to a depth below where the teeth 
are cut. In addition, this new process gives 
such extra advantages as higher uniformity, 
closer tolerances, and economy of stock. 


If your product requires special mass-pro- 
duced non-ferrous castings or bearings, 
National Bearing Division has the foundry 
facilities, experience, and skill that will insure 
better product performance, and may possibly 
lower product costs through production-run 
economies. You are invited to write to National 
Bearing Division for complete information. 


NATIONAL BEARING DIVISION 
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NEW COMPONENTS—MATERIALS AN D PASTS continued 





Back-Up Seals for Hydraulic O-Rings 


A new-type spiral back-up ring for O ring seals for hy- 
draulic service, that will not shrink, swell, harden or soften, 
is made of a packing known as Kelon-T, and is said to 
protect the O ring seal indefinitely from extrusion, deterio- 
ration, or loss of efficiency. Chemically inert, the new 
packing has low-friction, is unaffected by oils, acids, bases 
or solvents, and has a useful temperature range of from 

110 F to +500 F. 

The Kelon-T spiral packings are used most often as 

ick-up rings to aed the life of rubber O rings in 
hydraulic and pneumatic cylinders, presses, pumps and 

alves, but new aircraft and industrial applications for the 
new packing have been found. It is said to be possible, 
in some applications, to seal effectively without O rings if 
the packing completely fills the groove in one continuous 
spiral of several layers. Sizes of the standard spiral pack- 
ings range from 0.125 to 15.50 in. I.D., and correspond 
with sizes of standard O rings. The rings are available in 
153 sizes with special sizes available on order. W. S. Shamban «x Co., 5747 Marilyn Ave., Culver City, Calif. 








Internal Gear and Bearing Type Screw Pump 


An internal gear and bearing type screw pump for posi- 
tive displacement of lubricating fluids or semi-fluids has 
capacities ranging from 1 to 700 gpm, and discharge press- 
ures of 1,000 psi for viscous liquids, and 500 psi for light 
oils. The pump is a companion product to the bracket 
type screw pump, external gear and bearing type. 

Features of the new internal gear and bearing type are: 
the heavy duty roller bearings just inboard of the timing 
gears where radial load is heaviest; lock nuts behind the 
timing gears for easier repairing; and double-row angular 
contact ball bearings at the rear end which position the 
rotors axially for less year on the bearings and timing gears 

Other advantages are: interchangeable rotor screws for 
easy over-hauling; no metallic contact between the rotors 
for long rotor life and continued high volumetric efficiency ; 
only suction pressure on stuffing boxes; direct connection Sier-Bath Gear & Pump Co., Inc. 
up to 1,800 rpm for use with high speed motors. 9252 Hudson Blvd., North Bergen, N. J. 








Fractional Horsepower Motor Used with Vibrator 


A new panel vibrator is designed to introduce a vibration 
of known frequency and amplitude into instrument panels, 
and to increase meter accuracy anu sticking. 












pa rent 
ves 


owe x ó r a wo 
The vibrator is an electrically driven device operating Tew eee ey 

r f e >j i à ror m” at 
continuously, with the motor power being furnished by a mar eeu 


fractional horse power motor operating at any standard d-c ciora set 
voltage. The motor is a two-pole, two-brush design with 
an unbalanced weight mounted on the end of the arma- 
ture shaft. Weight gives the vibration action of the assem- 
bly. Shaking forces, at 2,500 rpm, can be provided from 
0.85 lb to 3.4 lb by varying the weight. The frequency 
is 2,000-3,000 cpm. 

The weight of the unit is approximately 10 ounces, the 
actual size on the photo. An integral circuit is used for the 
purpose of eliminating radio frequency interference. Globe Industries, Inc., 125 Sunrise Place, Dayton 7, Obio 
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The Taylor-Winfield Solenoid 
Operated Air Valve uses six PRP 
“OQ” Rings for simplicity of design 
and trouble-free sealing! After 
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sively that PRP “O” Rings assure 

this Seal-Off Air Valve of a longer 

operating life at higher rates of 

intermittent or continuous duty Everyone's finding it's PRP “O” Rings for top quality, long 

performance. life and economy. Count on our experienced field engineers 
for expert “O” Ring advice. Write or phone . . . ask for your 
free copy of our Handbook of design information. 
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The name ‘'Precision" on O" Rings is like "sterling" on silver 


TAR er eS 


Ee Ag NALA M a 
The “O” Ring Specialist 
Dept. 3, Oakridge Drive, Dayton 7, Ohio 
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FOUR MEANS TO AN END 


The end is this: a molded synthetic rubber part, de- 
signed exactly right to fit your mechanism; produced 
` the correct resistance and physical properties to 

your specifications; and delivered with the assur- 
ance of completely satisfactory performance. 

Chicago Rawhide offers you four important means to 
achieve this end. They are: 1) Cooperation with your 
design department to check all phases of the Sirvene 
part while your new mechanism is still on the drawing 


Cooperative research and engineering which Chicago Rawhide has 
provided in helping other leading manufacturers develop special 
Sirvene synthetic rubber parts are available to you. We will be 
pleased to send you a copy of “Engineering with Sirvene.” 


PERFECT 


SIPVIS 
Od Seals 


Mechanical Leather Products 

Boots, diaphragms, packings 
and other products give de- 
pendable service under diffi- 


cult operating conditions shaft-type sealing device. 


C/R seals are used in more motor 
vehicles, farm implements and in- 
dustrial machines than any other 


board; 2) The facilities of C/R research, with an un- 
duplicated background of experience, for the develop- 
ment of the particular compound that will have the 
combination of properties correct for your application; 
3) Production in quantity, with laboratory-like care and 
precision; And, 4) Delivery of finished parts that will 
verify in performance each of your specifications . 


Sirvene is your best assurance of satisfaction! 


CHICAGO RAWHIDE MANUFACTURING CO. 


1299 Elston Avenue SIRVENE DIVISION Chicago 22, Ilinois 


SPATS 
SIRVENE 


SCIENTIFICALLY COMPOUNDED ELASTOMERS 
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High Pressure Hydraulic Cylinder and Components 


High pressure hydraulic cylinders 
with 5,000 psi operation are made 
with a screw type bronze packing nut 
having a double seal feature with a 
drain back to the reservoir to eliminate 
seepage at the piston rod. A felt wiper 
in the packing nut wipes the piston 
rod as it moves back into the cylinder. 

The piston is wide for long bear- 
ing surface, and cast rings are used 
with felt wipers ahead of the rings to 
wipe the walls of the cylinder, reduc- 
ing cylinder scoring. 

Cylinders are made with: flange 
mounting for the dome end; flange 
mounting for the piston rod end; base 
mounting; rod extension; and the 
pivot type. Cylinder bores are from 
13 in. to 6 inches. The packing on 
the piston rod is a combination leather 
and sirvene (rubber). 

The 4-way valves are of all steel 
construction with a 4 way spring offset 
with external drains; a 4 way spring 
centered with external drains; felt 
wipers to protect the stem and body; 
and has a capacity of 5 gals per 
minute. 

The unloading valve is used for a 
low pressure pump in a high pressure 
system to discharge low pressure fluid 
to the tank after a pressure of 500 psi 
is reached, or for charging the accu- 
mulator. The unit is of all steel con- 
struction with removable ball 
and all 3 NPTE connections. 


seats 





The adjustable pressure relief valve 
is for 5,000 psi operation with 2 out- 


lets for the tank. It has removable 
trapped ball seats, and static seal 
O-rings. 

The free flow check valve is of all 
steel construction, operates at 5,000 


si, has removable trapped ball scat 
g in. NPTE connections, and a 5 gal 
per min capacity. 

For more information on these com- 
ponents, contact the manufacturer. 
Munton Mfg. C 
Franklin Park, Ill 


{00 Belmont, 





Double Seated Diaphragm Regulating Valve 


A new double seated diaphragm 
regulating valve, class DV, has been 
developed for use with control instru- 
ments, and will meet all the features 
required by process industries. 

The flow-line shaped body has been 
designed to give ISA standard face-to- 
face dimensions with the highest 
capacity, lowest turbulence, and body 
pressure drop. 

Another feature is the renewable 
interchangeable seat rings. The rings 
are machined so that they can be re- 
moved and replaced without removing 
the valve body from the pipe line. 
It also eliminates elaborate grinding 
operations at high temperatures. The 
main valves and seat rings of the valve 
are furnished with stellited seating sur- 
faces. In steel valves the seat rings 
are eliminated, and the stellite applied 





Propuct ENGINEERING — 


directly to the main body. Other trims 
without stellited seating surface are 
also available. A choice of four stand- 
ard trim materials are available: types 
316, plain or stellited; 440c hard- 
ened stainless steel; bronze trim. 

The valve action is easily reversed in 
the field without changing or machin- 
ing any parts. Having a wide range, 
it has good control of wide flow re- 
quirements with high CV numbers. 
Four sizes of superstructure are avail- 
able, with from 50 to 210 sq in. of 
effective area, designed to operate on 
3-15 psi air used with standard instru- 
ment controllers. The valve is avail- 
able in sizes from 14 to 10 in., for 
pressures up to 600 psi, with screwed 
(14 and 2 in.), and flanged (14-10 
in.) ends. Cooling bonnets for tem- 
peratures over 500 F and under 30 F 


Ocroser, 1952 
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Computer Automatically Measures Viscosity 


The ultra-viscoson, a unit consisting 
a probe and an electronic compu- 
used for continuous, automati: 
viscosity measurement using ultra 
onics. The viscosity is determined by 
the use of ultrasonic waves applied to 
the prol The electronic computer 
onverts the probe output instantly 
nto viscosity measurements on th 
recorder, or controller 
l'he hermetically sealed probe is the 
zc of a fountain pen, has no moving 
irts, Opé 109 F to +650 
F. up to 500 psi, is installed perma- 
nently in pipe lines, production kettles, 
used in test tubes and beakers. The 
tronic computer, located up to 1 
mile from probe indicates viscosity of 
materials from 0-50,000 
entipoises x grams/cc. in 4 decades— 
3 Apparent 


rates trom 


icwtonian 


50 /500/5.000/50,000 
iscosity x density of some non-new- 
tonian materials of high viscosity may 
be measured over this range. Con- 
nection to recorder or controller gives 
ontinuous charts or automatic control. 
It may also be used to actuate auto- 
matic systems for dumping batches at 
desired viscosity or for continuous 
process control. The minimum sample 
required is 4 cc of liquid. 


Measurement of viscosity at a num- 


ber of stations is accomplished by us- 
ing a separate probe at each station, 
and an ultra-viscoson multiplex com- 
puter. Manual multiplex switching 
units permit each probe to be switched 
in and read on the meter. The auto- 
matic multiplex unit connected to a re- 
corder automatically records the viscos- 
ity measured at each station separately 





on a single convenient chart. 

The device may be used for manu- 
facturing and research in petroleum, 
resins, paper, plastics, starch, gelatine, 
foods, textiles, soaps, printing inks, 
coatings, finishes, ood. plasma sub- 
stitutes, and medicines. 

Rich-Roth Labs., 673 Connecticut Blvd., 

E. Hartford 8, Conn. 





Cycling Timer Has Wide Range of Time Cycles 


The add-a-cycle timer has been 


leve loped for the testing of com- 
ponents and for other operations 
where it is desirable to have a wide 
range of time cycles available. Set-up 
time is reduced to a minimum through 
the use of plug-in adjustable timers, 
which are supplied in sixe overlapping 
ranges, from 1.5 -12 seconds to 15- 
120 minutes. Therefore, it is possible 
to have adjacent cycles with widely 
varying time limits 

The add-a-cycle is furnished as a 
basic unit having two plug-in posi- 
tions, and any number of them may be 
cabled together and will cycle as a 
group, so that an unlimited number 
of time cycles may be obtained. Nor- 
mal rating is 10 amperes, 115V, 60 
cycles, but special ratings may be ob- 
tained 

For process timing the add-a-cycle is 
built in wall mounting cases with any 
required number of adjustable plug-in 





time cycles, which allows flexibility 
and permits easy servicing. An addi- 
tional feature is that any cycle may be 
skipped without loss of time in the 
event any part of the process is tem- 


porarily out of use. The timer is fin- 
ished in gray hammered lacquer. 


The Becker Equipment Co., 
3020 N. Cicero Ave., Chicago, Ill. 
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Minimum product weight and long product service are just 
two important reasons why N-A-X HIGH-TENSILE steel is ideally 
suited for tote boxes, pallets, conveyors, lift trucks, and other 
equipment used for transporting materials. 


Because N-A-X HIGH-TENSILE steel has exceptional strength and 
durability, thinner sections can be used, yet it resists abrasion, 
impact, fatigue, and corrosion. N-A-X HIGH-TENSILE steel gives 
your equipment longer life and reduces deadweight to the 
minimum; you can carry a greater net load of material with no 
increase in the gross load weight. And N-A-X HIGH-TENSILE steel 
has exceptional welding and fabricating qualities — important 


advantages where custom-made materials-handling equipment 
is required. 


If you are interested in better, more economical materials- 
handling, why not investigate N-A-X HIGH-TENSILE steel now? 


GREAT LAKES STEEL CORPORATION 


N-A-X Alley Division è Ecorse, Detroit 29, Michigan 
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Low Frequency, Low Distortion Oscillator 


A new model L low frequency oscillator designed as a 


source of ial power in the range of 0.01 to 100 cps, 
features the use of passive elements (resistors and con- 
de nsers) for frequency det rmination, and is said to offer 
excellent short and long time frequency stability. The 
circuit has been treated as a d-c amplifier, and both plate 
and filament supplies have been carefully regulated. The 
output circuit is directly coupled to the load and will 
produce 20 v or 20 milliampe res into any load impedance. 
The unit is a true sine wave generator, and the wave shape 
is said to contain only low order harmonic distortion. 

Two separate means for amplitude control have been 
provided. An oven-controlled thermistor is used as a 
quasi-linear psy where low distortion is required (in 
the order of 0.1 of 1 percent). A varistor is also provided 
in a circuit which allows it to control the amplitude by 
creating 1 percent or less distortion (primarily third har- 
monic). Since the non-linear amplitude controlling ele- 
ment does not involve the quantity time, there is no ampli- 
tude bounce associated with its controlling action 


Southwestern Industrial Electronics Co., 
831 Post Oak Rd., Houston 19, Texa 








Edgewound Resistor For = Current Duty 


Powr-Rib, a new edgewound-type resistor, designed for 
high-current duty in both intermittent and continuous appli- 
cations, will give high heat dissipation, resistance to oxi- 
dation, and the ability to withstand shock and vibration 
without breaking or shorting. 

These resistors are suitable for original equipment or 
for replacement in existing installations, where high-current 
and good heat-dissipation characteristics are required. They 
are particularly applicable in electric trucks, battery 
chargers, motor controllers, load banks, plating and weld- 
ing equipment, as well as motor starting, plugging, field 
discharge, and dynamic braking in d-c controllers. 

The resistors are wound with a heavy ribbon of resistance 
alloy on a ceramic insulator. All other metal parts are 
specially plated to prevent < oxidation at high operating 
temperatures and to give good electrical contact. The 
ceramic insulator is divided into five sections to give the 
required flexibility and resistance to shock and vibration. 

Extra terminals can be ordered for adjustable taps. An 
optional sleeve is available, which permits the mounting 
bar to expand without buckling 

On the mounting bar of the new resistor is a longi- 
tudinal slot allowing the mounting center to vary between 





16} and 17 inches. 
standard edgewound resistor. 

The resistors are available in resistance values from 
0.100 to 2.85 ohms. They are rated at 707 F temperature 
rise. Capacities range from 18.0 to 108 amperes. 


Thus the unit is able to replace any 


Obmite Co., 4823 Flournoy St., Chicago, Ill. 





THE LINEAC, an electrical analogue matic. 
computer for the 
simultaneous algebraic equations, both 
scalar and complex, uses no amplifiers, 
and has the feature that the solution is 
obtained immediately without any repi- 
titious process, either manual or auto- 


It may be used in reverse for 
solution of linear the simulation of 
which are the sum of a number of 
terms, each of which is the product of 
a variable and a constant. It consists 
of multi-coil tapped transformers and 
a voltage divider, and operates on 60 


cycle voltage. For well-conditioned 
matrices of the order of ten or so the 
error is a fraction of one percent, and 
this accuracy can be extended to higher 
orders with compensating adjustments. 
American Hydromath Corp., 145 W. 
57th St., New York 19, N. Y. 


linear functions, 
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Plating on Aluminum 
made EASY with 
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Hundreds of manufacturers throughout the United States are now using electroplated 


TETELE EE =i 


aluminum. The Alumon process is simple. The work is merely cleaned, dipped in acid, 


vi 


dipped in Alumon and is then ready for electroplating with copper, nickel, and other ? 
metals. The process is suitable for plating most wrought and cast alloys. .. The cost of 
using Alumon is low, being less than half a cent per square foot of surface area treated. 


The process can be fitted easily into regular plating cycles. Bulk or barrel plating readily 


AUTTOI 


done. Upon request we'll gladly send you the Alumon Process Bulletin. 


Write for literature on Alumon and check list of literature on sixty Enthone products and 
processes for better metal finishing. 


* TRADE-MARK REG. U. S. PAT. OFF. MANUFACTURED UNDER U. S. PATENT 2,142,564 


METAL FINISHING 
PROCESSES 


ELECTROPLATING 
CHEMICALS 





442 ELM STREET 
HAVEN, CONNECTICUT 


Propucr Encineerinc — Ocrtoser, 1952 





NEW COMPONENTS MATER TA L’S AN D PARTS... . . continued 





Special Magnetic Materials ln WOW Meter 


The type 152A Wow-Meter is a 
t indicating instrument measur- 
ng both the frequency variations, 
(wow), and the center frequency of 
audio signal. It is designed to 

ure wow in the center irequency 
range 800 to 1,250 cycles. The built-in 
uency meter is calibrated in the 


rang OUOU to 1.500 cycle Oth r 
yrresponding ranges may be obtained 
| 


J 


on order to frequencies as high as 


00 cycles with high fr WOW ranes 


i 
Ihe trequency and wow-measur:ng 








i rcuits use a new principle of op - 
tion based on the characteristics of 
ıl magnetic materials and rec nt 
levelopments of this company. Tne 
hniques used involve a static fı 
juency-to-voltage translating unit that 
produces an output voltage directly 
A proportional to the input frequency 
i | ind independent of the signal ampli- 
D tude. The frequency-metering section 
i ponds directly to the translator d-c 4 to 10, 4 to 120, and 10 to 120, with or oscilloscope to examine the wave- 
X output voltage. The wow-metering appropriate damping for each range, form of the frequency variation 
X tion consists of an a-c coupled peak- and a meter reset switch for use on (wow). An internal, stable, wow- 
| ~ to-peak reading voltmeter with suit- the more highly damped ranges. Out- free 1,000 cycle oscillator is used as 
| = able filters and range switching to al- puts are provided for independent an aid to rapid measurements of re- 
= low selection of the sensitivity and monitoring of frequency and wow, cording systems. The instrument has 
i ki wow spectrum measured. The avail- allowing connections to recording a complete dual-regulated power sup- 
= le full-scale wow sensitivities are equipment to record the center fre- ply. 
e }, 1.0, and 3.0 percent quency and the wow continuously, and Minnesota Electronics Corp. 
: Three wow spectrums are available the attachment of a spectrum analyzer {7 West Water St.. St. Paul 1. Minn. 
E 
' L 


E Subminiature Toggle Switch Assemblies 





L A small toggle switches 
primarily for use in assem- 

where pr switching com 

onents must located in small 
primarily for aircraft use, 

ilso have industrial applications 

One assembly (identified as 6AT2), 

hown at right and is a single-pole, 

throw assembly which uses 


1SM1 switch riveted into a stain 


toggle bracket. Another 
AT3) shown at left, includes two 
ISM] itch ig double 

pole do le-throw \ 
Electrical ratings of the 1SM1 basi 
switch these assemblies are given 


téfitative ly as: motor or resistive load, 








2 amp 30 v d-c: inductive load at sea 
level, 2 amp 30 v d-c; inductive load | 
at 50,000 ft, 14 amp 30 v d-c; 5 amp as mbly are 25/32 in. long, 1-21/64 subminiature switches are 25/32 in. 
125 or 250 v a-i in. high and 25/64 in. wide. Overall long, 1-21/64 in. high and 21/32 
The overall dimensions of the GAT? dimensions of the 6AT3 with two in. wide. Micro Switch, Freeport, II, 
CONTINUED ON PAGE 224 
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MODEL M-2 


MEASURES N 
SENSITIVITY AND RESISTANCE i 


for testing and calibration of D. C. instruments in the ' 
laboratory and on production lines 























Seas ae eee see 


Marion's New Metertester (Model M-2) retains proven Marion fea- i 
tures but increases application flexibility. In addition to improved 
circuitry for sensitivity measurement it also measures internal resist- b 


vi 


ance of sensitive instruments without exceeding full scale rating of ` 
the instrument under test. 2 

FEATURES SPECIFICATIONS J 
¢ Regulated Power Supply ACCURACY: Overall better than % of 1% =a 


è Stepless Vacuum Tube Voltage Control RESISTANCE RANGE: 0-5000 ohms 
e Illuminated 814” Mirror-Scale Standard POWER SOURCE: 115V A C 60 cycles 












Instrument, Hand Calibrated CASE SIZE: 15%" x 10%" x 5%’ 
® Marion Ruggedized Null Indicator WEIGHT: 15 lbs 
movement for bridge balance indication š i 
© Decade of .1% accurate Manganin SENSITIVITY RANGES 
Wire Wound Resistors 0-2SUA 0-200UA 0-800UA 0-10 MA 
© Direct Reading Bridge Circuit using Helipot 0-SOUA 0-400UA 0-1MA_ 0-100 Volts 
e Complete. No accessories required 0-100UA 0-S500UA 0-5 MA 


The New M-2 Model can also be used for additional purposes, 
such as a precise source of DC current and voltage and as a pre- 
cision Wheatstone bridge in the 0-5000 ohm range. 

For further information write Marion Electrical Instrument Co., 
415 Canal Street, Manchester, N. H., U.S. A. 


marion meters 


Reg. U.S. Pot. Off. 
MANUFACTURERS OF RUGGEDIZED, HERMETICALLY SEALED AND STANDARD PANEL 











INSTRUMENTS 
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N E W COMPONENTS —MATERIALS AND FARES uoi continued 





Tachometer Heads for Measuring Low Speeds 


Heavy duty tachometer heads for measuring low speeds, 
either rotational or linear, may be used for measuring 
speeds of extruders, welders, kilns, conveyor belts, ovens, 
amen and other installations where the head shaft is 
rotated between 1 and 99 rpm for full scale indication 


d 


The tachometer heads consist essentially of a step-up 
gear train, a head element, or a polarity reversing switch, 
and a capacitor. The switch is actuated, through the gear 
train, by rotation of the head shaft so that polarity con 
nection of the capacitor is reversed at a frequency greater 
than, but proportional to, the rpm being measured. 

he gear train is a 2 stage spur gear type, with the low 
speed stage a 32 diametral pitch, and the high speed stage 
a 48 diametral pitch 

Operating temperature range is —50 F to -+200 F. 
Maximum radial load is 75 lb; max. shaft thrust is 100 Ib 





Metron Instrument Co., 432 Lincoln St., Denver 9, Colo. 





Sensitive Electronic Control Relay 


An electronic control relay, designed to operate in con- 
junction with a differential transformer transmitter, is being 
produced in several types for use with pressure, flow, 
motion and force. 

To get control of any variable, the differential trans- 
former is adjusted so that its zero position is at the exact 
point at which control is desired. This position is sensitive 
to less than 0.0001 in., and as the armature of the trans- 
former is moved off this null point by a change in the 
variable, a signal is generated having amplitude and phase 
definition. The control relay is sensitive to this minute 
ignal and either pulls in or drops out. 

Operation of control relay is not affected by normal 
line voltage variations and can be installed up to 5,000 
ft away from source of measured variable. As it is a sen- 
sitive device, the relay will operate in both directions Automatic Temperature Control Co., 
repeat cycle, or one direction repeat cycle 5200 Pulaski Ave., Philadelphia 44, Pa. 








Air Cylinders Feature Easy Installation 


A new line of double and single acting air cylinders are 
offered with bore sizes from 14 through 6 inches. Stroke 
lengths are available from 0 to 24 in. in increments of 1/32 
n., with special bore diameters and stroke lengths made 
on request. The pressure range for these units is up to 150 
" Features incorporated in these cylinders include: cylinder 
walls of hard drawn brass tubing on all bore sizes; man- 
ganese bronze end castings on bore sizes up to 4 inches. 
High tensile cast iron end castings are used on the 44 in. 
and larger diameter bore sizes; high tensile rust proofed 
tie rods; O ring rod end seals, and neoprene rubber piston 
cup packings to reduce air leakage to a minimum; hard 
chrome plated piston rods to reduce wear and corrosion 





Bond Research Labs., Inc., 84 Winslow Ave., Somerville 44, Mass. 





CONTINUED ON PAGE 226 
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ANTIQUATED... 


a 


IS YOUR 
Pattern Equipment 
— just as ANTIQUATED ? 


Shortly after the famed Clermont made navigation history, 
Seth Boyden established his pioneer malleable iron foundry. 
Today, Sacks-Barlow, direct descendants, continue to assist in- 


dustry’s efforts for new operational economies by eliminating 
antiquated methods. 


sae æ — o 


PHa A NAA aa 


vi 


The antiquated hand box above, for instance, makes but one 
core at a time . .. a slow and inefficient operation; at the right 
however, is an example of improved technique—by using a 
blower core box, 4 instead of 1 cores are made simultaneously. 


At Sacks-Barlow every effort is made to analyze each order 
to determine the most efficient and economical process to be 
used for molding and coremaking. Our “know-how” based on 
126 years’ experience producing gray, malleable and ductile iron 
castings is at your disposal—without obligation. 


HYVES J 


each 
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NEW COMPONENTS—MATERIALS 


AND PARTS 





continued 





Rigid Plastic Pipe and Compression Fitting 


An improved rigid plastic pipe, and 
a new compression type coupling has 
increased resistance to burst, high 
tensile and flexural strengths, high 
chemical resistance, and long life ex- 
pectancy. 

This type L plastic pipe has an ulti- 
mate tensile strength of approximately 
6,000 psi, and an effective tensile for 
piping applications of 3,600 lb per 
sq in. at room temperature. Flexural 
modulus is 250,000 psi, and impact 
is 4.3 Izod (notched). Burst pressure 
varies according to pipe diameter (1 
in. dia has burst pressure of over 1,000 
psi), and is sufficiently great for in- 
stallations with moderately high pres- 
sures 

This lightweight plastic pipe can be 
handled and installed quickly and is 
supplied in 10 and 20 ft random 
lengths which can be connected by 
means of the new compression type 
coupling or by slip-sleeve tees and 
ells. With the new type fitting, a 
longitudinal force exerted on the rub- 
ber gasket in the fitting creates a se 
ondary force at right angles to th 
first in order to maintain a positiv 
leakproof joint at all times. This new 
coupling compensates for th expan 
ion and contraction of rigid pipe 
The slip-sleeve ell and t fittings 
form an interior shoulder to which the 
pipe is butted. Finally, a special c 

rent Is appl | to the outside of th 
the throat of the fitting to 
a leak-proof joint 


The new plastic pipe is available in 





Small Size A-c Voltage Control 


Said to be the smallest physically 
and electrically of any variable trans- 
former, a new variable a-c voltage con- 
trol of 50-100 and 150 watt loads 
measures 3 in. in diameter, and has a 
depth of 2 1/16 inches. 

Like other models of the powerstat 
made by this company, the type 10 is 
an autotransformer of toroidal core 
design with a movable brush-top. Ro- 
tation of the brush-top delivers any 
desired output voltage from zero to, 
or above, line voltage. Adjustment to 
fractional voltages is stepless. As it 
is a transformer it does not control by 
dissipating power in the form of heat 





296 





Carlon Products Corp., 10225 Meech Ave., Cleveland 5, Ohio 


Also, it does not have to be tailored 
to the load; it will deliver a variable 
voltage to any load up to its rated 
capacity. 

The type 10 is rated at 120 v, 60 
cycles, single phase input, with an out- 
put of 0-120/132 volts, 1.25 amp, 
150/165 VA. Other characteristics in- 
clude a glass smooth commutator sur- 
face, zero waveform distortion, and 
improved core and coil design. This 
model is tapped to allow an output 
voltage range from zero to line volt- 
age, or to 10 percent above line. 


The Superior Electric Co., Bristol, Conn. 








e e 
ii i a 


CONTINUED ON PAGE 228 


Propucrt ENGINEERING — Octoser, 1952 i f 







-+ 


Ae ROA 





Ladi x E mE ac 


Pat AS: 














MACHINERY MFR. REPORTS 
ON WORLD-WIDE SERVICE OF — 


STERLING SLO-SPEED 





OTHER STERLING ELECTRIC POWER DRIVES: 


@ STERLING SPEED-TROL (VARIABLE SPEED) MOTORS 
@ STERLING KLOSD AND KLOSD.-TITE (NORMAL SPEED) MOTORS 
DRIP-PROOF + SPLASH-PROOF + TOTALLY ENCLOSED 


GTERLI 






STERLING SLO-SPEED! 


88% of the bulk packing of dried fruits 


throughout the world is done on our Ea 
Automatic Weighing and Packing Units 
which are powered hy Sterlin S/ Speed 


Drives, reports Mr. Oren G. Mosher, Factory 
Manager of Eagle Machinery Co., Ltd. Wi 
have used Sterling Drives for 14 years be- 
cause of their outstanding dependability, high 
efficiency, and ability to carry heavy over-hun 


L ei » el } r 
loads wit Nout damage or Wear on fhe bearings, 


STERLING SLO-SPEED GIVES YOU 
THE ONE BEST LOW SPEED AND 
Sives uninterrupted SCTVICC Carries 


heavy overhung loads— provides versa- 


tle mounting and flexibility in arrange- 


mene of machinery—saves valuable 
space— provides greater satety costs less 
to install and use. An indispensable 
source OF low speed pi to 
Agitators Dryers Presses 
Blenders Feeders Pumps 
Blowers Kilns Screens 
Conveyors Mills Tumblers 
Cookers Mixers Etc., etc. 


wing how Sterling Ele 
f Power Dr 
productio X 


ELECTRIC 
MOTORS 


Plants: New York City 51; Van Wert, Ohio; Los Angeles 22; Hamilton, Canada; Santiago, Chile 


Offices and distributors in all principal cities 
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NEW COMPONENTS —MATER 


A LS AN D PARTS continued 





Long Life Radiation Detector 


A new radiation detector, known as the Radector, uses 
the ionization chamber, an invention that will make possible 
the measurement on a single scale, from ordinary back- 
ground radiation to over 1,500 R/hr. 

For purposes of civil defense, the Radector has been 
designed to measure from 0.02 R/hr to 500 R/hr on a 
large, easy-to-read, single logarithmic scale. Powered by 
only 44 v, without the need of amplification, it has 
eliminated such components as vibrators, voltage regulators, 
ondensers, high megohm resistors, and transformers. 

ee only 5 x 3 x 3 in., and weighing two pounds, 
the device fits in the palm of the hand. It has a perform- 
ance record of 168 hr of continuous use with no drop in 
meter reading. Battery life is almost equal to its shelf life. 
Accuracy is within less than plus or minus 10 percent of 
radiation intensity. No warm-up time is necessary. 


Jordan Electronic Mfg. Co., Inc., 
9042 Culver Blud., Culver City, Calif. 






A A i ii 
“a ROENTGENS PER He 
JORDAN ELECTRONIC MEG. CO 4 
U VE@® City. ca i 
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Sensitive Optical Level Measuring Device 


A newly developed optical level for measuring flatness, 
straightness and parallelism reads deviations from the hori- 
zontal of 0.00012 in. per foot of length, or 0.00001 in. per 
inch of length. This accuracy makes it possible to check 
the flatness of surface plates and machine tool beds, the 
straightness of cylindrical rolls, and the parallelism of 
V-ways or flats to values with the closest working tolerances. 

Critical measuring and leveling operations can be per- 
formed, and there is no limit to the length of work that 
can be checked. By moving the level along a surface 7 in. 
at a time (the length of the instrument), or in shorter 
increments, and by taking a series of readings, the entire 
length of the surface can be checked and plotted on graph 
paper. 

Applications include leveling and checking operations 
such as: inspecting flatness conditions of machine beds, 
surface plates, ground shafts, paper and dryer rolls, jigs, 
fixtures, airframes, lofting, lapping plates, and checking 
spindle arbor runout. 

The optical system consists of three bubble phials and 
two prisms so arranged that twice the usual accuracy of 
level reading is obtained. The amount and value of devia- 
tion from the true horizontal in the work piece being ex- 
amined are measured by means of a large Dniie gradu- 
ated micrometer thimble and barrel. The illustration shows 
half images of opposite cnds of the air bubble as seen in 








Foe 


the master phial. When the images form a perfect semi. 
circle (center) the true horizontal has been established. 
Separated images indicate deviation from the horizontal; 


rise (left) and fall (right). 
F. T. Griswold Mfg. Co., W. Lancaster Ave., Wayne, Pa. 


A SERIES OF LOW COST retainer springs 
of “hairpin” type may be substituted 
for cotter pins, locknuts, and other 
uses. Retention is obtained by snap- 

ing the spring into the shaft groove. 

he series has 15 springs fer use with 
shaft groove diameters ranging from 
3/32 to 15/16 inch. Maai of 


228 


Spring Steel Wire these retainers will 
stand repeated assembly and disassem- 
bly without appreciable loss of spring 
quality. Precision Spring Corp., 800 
W. Broadway, Three Rivers, Mich. 


A SERIES OF SMALL RESISTORS de- 
signed to meet the miniaturization 


program of the armed forces, aircraft, 
and electronic industries, have re- 
sistance values from 20,000 ohms to 
2 megohms, and are available in sizes 
from } in. dia by 1% in. long. Maxi- 
mum resistance may be obtained with 
various types and sizes of wire. Daven 
Co., 191 Central Ave., Newark, N. J. 


CONTINUED ON PAGE 230 
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Anything in Custom Injection Molded Plastics is ~ interchangeable parts, mating parts, threaded 


a job for Erie . . . the pioneer in custom injection 
molded plastics. Large or small . . . flat or deep 

. crystal clear or opaque . . . simple or com- 
plicated in design . . . Erie can show you pieces 
produced for manufacturers in almost every 
known industry. 


Pieces that require exacting tolerances .. . 


parts .. . Erie can meet any difficulties you may 
have with solutions that have been proven in 
production. 

Erie Three Dimensional Plastics, used as 
decorative trademarks or name plates, or em- 
bodied in functional parts, are truly breathtaking 
in their imperishable beauty. 


Write for your copy of bulletin, ‘Who We Are... What We Do in Plastics.” 


ERIE RESISTOR CORPORATION 


PLASTICS DIVISION 
Main Offices: ERIE, PA. 


Sales Offices: Cliffside, N.J. + Philadelphia, Pa. + Buffalo, N. Y. + Chicago, ill 
Detroit, Mich. + Cincinnati, Ohio + Los Angeles, Calif. 


Factories: ERIE, PA. + LONDON, ENGLAND + TORONTO, CANADA 
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NEW COMPONENT 


New Line of Miniature Resistors 


Expansion of a line of miniature 
sistors to give greater coverage of 


the volt-ampere characteristics range, 
rcsulted in miniature resistors, 

105 lectrical resistance decreases 
with increases in applied voltage, and 


in be used as a stabilizing influence 


on circuits supplied by rectifiers, for 


ontrol of voltage selective circuits, 
and for protection against voltage 
irges They can also be used as 


potentiometers with the division of 
vol 


voltage made independent of load cur- 
rent 
The resistors are composed of a 
silicon carbide ceramic resistance ma- 
terial called Thyrite whose non-linear 
resistance characteristic is stable and 
tantially independent of polarity 
id frequency. Its mechanical strength 
1,700 psi tensile, and 23,000 psi 
ompressive. To avoid excessive oxi- 
dation of the metalized surface, and to 
prevent di preciation of the impregnat 
ing compound, the operating tempera- 
ture of thyrite should not exceed 110 
C continuously, nor 150 C 
times. The dielectric constant ranges 
from 30 to 100 or more, depending 
on the 


for short 


voltage and other factors 





A N 








The resistor line now includes small 
half-inch diameter units, with or with- 
out wire leads, having a maximum con- 
tinuous rating in free air of 0.1 watt. 
Small one-quarter in., rod-type units, 
rated from 0.25 to 1.0 watt, are avail- 
able from one inch up to six inches 








D PARTS 


continued 











in length. For one watt ratings, rod- 
type resistors capable of continuous 
operation at 10 kf are available. Units 
are said to be suitable for electronic 
applications where space is limited. 


General Electric Co., Schenectady 5, N. Y. 





Tester Checks Load and Deflection of Springs 


A new type of spring testing instru 
ment, designed as an accurate, pre- 

on instrument for checking the 
loads and deflections of 


ind extension 


compression 
springs, is used for 
general purpose or occasional check- 
ing, and also for high quantity produc- 
tion testing. Speed of production test- 
ing depends on type of spring and 
ability to place it in position and de- 
flect handle. From 300 to 600 tests 
r hour have been made. Production 
tops can be set to test springs at an 
exact length, at a definite deflection or 
at a specified load 
To operate the tester, place a com- 
pression spring on the lower platform 
or an extension spring on the hooks, 
rotate the handle and read the load 
on the dial. Spring lengths are indi 
ited on two 12 in. steel rules, one for 
compression and one for 
These are graduated in 32nds 
and 64ths on one side, and by re- 
versing the rules, readings may be 
read in decimals in 10ths and 100ths 


extension 


springs 





a e 
st) 


of an inch. The movable platform in 
the center is moved up and down by 
the operation of the handwheel, com- 
pressing or extending a spring as de- 
sired. All testers are suitable for spring 
diameters up to 4 in., spring lengths 
of 12 in. for compression, and 10 in. 
for extension. 

Spring lengths can be read accu- 
rately on the steel scales, and a dial 
indicator and brackets are available 
for reading to accuracies of 0.001 inch. 

The testers are bench mounted, use 
standard gears and racks, standard 
bushings of bronze, and have a 5 in. 
dia handwheel for light springs up to 
50 lb tests, and a 10 in. long handle 
for heavy springs up to 300 lb tests. 
Magnetic tolerance markers are spaced 
on the rim of the scale. 

The 25 Ib tester has a dial readable 
to 0.025 Ib; the 100 lb tester is read- 
able to 0.1 Ib; the 200 lb to 4 Ib; 
and the 300 lb tester to 4 pound. 

The testers measure 14} in. wide, 5 
in. deep, and 38 in. high 








Carlson Co., 
277 Broadway, New York 7, N. Y. 


CONTINUED ON PAGE 232 V 
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No better source of piping information 
.. ethan your handy CRANE catalog 


Faced with a piping problem? Turn then to your handy Crane 
Catalog and see how quickly you find the answer. 


For within the 600 pages of this valuable book is full informa- 
tion on the world’s most complete selection of quality piping ma- 
terials—sizes and dimensions, tabulated pressure and temperature 
ratings, design, material and construction details, plus recom- 
mended applications. And it's all there indexed and arranged to 
save you time. In addition, you'll find an abundance of general 
engineering information. 





Yes, specifying from your Crane Catalog is easier, quicker and 
also safer because you are specifying the finest piping available 
anywhere—piping that is recognized by machinery buyers for its 
dependable service and long range economy. 


YOUR BEST BRASS CHECK 


for hot and cold service in the 200- 

300 pound class—is this regrind- 

ing-type Swing Check Valve. Of 

simplified Y-Pattern design with a 

sturdy body of Crane Special Brass, 

Lg NO BETTER SOURCE OF QUALITY it assures smooth flow with mini- 

t mum resistance, and fast action in 

... THAN THE COMPLETE CRANE PIPING LINE boackfiow. Easily reground without 

removing from line. Screwed end 

sizes from ⁄4 to 3-inch; Flanged 
end sizes from 1 to 3-inch. 
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Spray Type Deaerating System by 
Fred H. Schaub Engineering Co., 
Chicago, Illinois 





The Complete Crane Line Meets All Your Valve Needs. That’s Why— 
More Crane Valves Are Used Than Any Other Make! 


CRANE VALVES 


CRANE CO., General Offices: 836 S. Michigan Ave., Chicago 5, Illinois 
Branches and Wholesalers Serving All Industrial Areas 


VALVES + FITTINGS + PIPE + PLUMBING + HEATING 
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PARTS continued 





Roto-Stepper With Complete Rotation in Both Directions 


Shown in the illustration is a roto- 
stepper, a stepping a with 
sufficient torque to drive many low 
torque mechanisms. Features of unit 
include its ability to rotate in unlimited 
clockwise or counter-clockwise direc- 
tions, its small size, and its adaptability 
to many applications. It is a solenoid 
operated device normally rotating in 

deg increments. Other increments 
are available 

Suitable for 
potentiometers, 


operating indicators, 
selsyns, synchros, 
switching devices and other low-torque 
mechanisms, it has a 24 volt system, 
longlife solenoids and can be ordered 
in the following combinations with 
or without shaft output: shaft output, 
shaft output with potentiometer out- 
put, shaft output with potentiometer 


output, and homing segments; shaft 
output with potentiometer output, 
homing segments and internal auto- 
cycling. 

Other Specifications : Stepping Rate: 
responds to a maximum of 720 im- 
pulses per minute with min. pulse 
length of 0.05 secs, up to 30 pulses 
per second, depending on torque. 
Torque Output: varies with pulse rate 
approximately 12 in.-oz at 12 pulses 
per second Current: 0.6 amps max at 
rated voltage at 25 C. Torque Detent 
Spring: prevents reverse rotation of 
output shaft for torque not exceeding 
1.5 oz-inches. Acceleration: meets 
specifications during +6G steady state 
acceleration in 3 major axes for 15 
minutes maximum. Vibration: meets 
specs during 0.020 in. double ampli- 





tude sinusoidal vibrations of 10 
to 55 cps along the major axes for 
15 minutes maximum. 


G. M. Giannini Co., Pasadena, Calif. 





All Purpose Submersible Centrifugal Pump 


Model P-104, an all-purpose com- 
pletely submersible centrifugal pump, 
has both the motor and pump enclosed 
in a compact, hermetically sealed case 
filled with oil, giving constant lubrica- 
tion and eliminating periodic mainten- 
ance. 

Measuring only 7} in. high, 4% in. 
width min, and 5 13/16 in. width 
max, the pump has a maximum head 
of 9 feet. Maximum capacity at zero 
head is 1,000 gph; at a 3 ft head, 840 
gph; at a 5 ft head, 660 gph; and at 
a 7 ft head, 435 gph. Watt input at 
a 3 ft head is 170; at the maximum of 
a 9 ft head, 140 watts. 

Because the pump can be placed 
directly into the liquid without com- 


plicated connections, it is suited for 
many coolant applications, eliminating 
a pump-belt-motor combination. 
Other features: heat dissipated from 
motor to oil to water; shaded pole type 
motor; low power consumption; no 
bearings or critical parts run in water; 
no stuffing box; as pump is submers- 
ible, no priming is necessary; open 
type impeller; hycar and neoprene 
parts; ceramic seat type seal operating 
against a stationary carbon seal mem- 
ber; and a vertical discharge. 
Another submersible pump made by 
this company is the model P-109 sump 
pump in a cast iron waterproof case. 
Kenco Inc., 


1125 N. Ridge Rd., Lorain, Ohio 








New 100 KC Small, Ferro-Resonant Flip-Flop 


A new, model MC, 100 kc ferro- 
resonant flip-flop has been developed 
as a highly efficient replacement for 
the vacuum tube in certain counting, 
amplifying and control specifications. 
It has the durability, economy of 
power, and low heat dissipation of the 
saturable reactor, and at the same time 
is small, simple, and inexpensive. 

It will operate on approximately 10 
percent of the power needed by a 
vacuum tube, and can deliver more 
than 90 percent of the input energy 
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as usable output, since copper and core 
loss cause the power consumption. 

By using non-dissipating reactive 
elements, there is no problem of heat 
dissipation. The flip flop will not wear 
or burn out, can be mounted in any 
circuit, and is not affected by high 
acceleration and shock. 

Specifications: A-C requirements: 
1.6 megacycles, 1 w at 12 v rms; trig- 
ger input impedance, 5 millihenries in 
series with 25 ohms d-c resistance; 
trigger power requirements, pulse 8 


to 16 v and 1 to 5 micro-seconds dura- 
tion; output swing, the model MC has 
two outputs, opposite in phase, swing- 
ing between plus 3 and plus 21 volts. 
Outputs may be made to swing be- 
tween minus 3 and minus 21 by re- 
versing output rectifier diode; output 
power, the two outputs, opposite in 
phase, are capable of delivering 30 
milliamps at 21 volts each; rated pulse 
frequency, 100,000 pulses per second. 


Computer Research Corp., 3348 
W. El Segundo Blvd., Hawthorne, Cal. 


CONTINUED ON PAGE 234 
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p i ore KAYDON JETAIT 


FOR ALL TYPES OF BALL AND ROLLER BEARINGS: 4” BORE TO 120” OUTSIDE DIAMETER 


A 


AEEA L: EGET 
8.062” x 10.687” x .750” 


Dependable Life-Savers 


... KAYDON -bearinged 


aE 


asc HELICOPTERS 


Corno movements of Piasecki HUP Helicopters . . . life- 
savers of the air. . 
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` 
` 
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` 
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vi 


. are transmitted to the spinning rotor 
blade assemblies by means of a swash plate that moves on 
unique two-row KAYDON Special Ball Bearings. 


{EL ¥Ldi ls fs 


Control of the helicopter is obtained by the movement of its 
rotor blades. Each blade can move in six different directions 
while they are rotating. Thus the mechanism responsible for 
control movements is complex, important, and it demands the 
utmost in bearing-precision. 


KAYDON met the challenge of this intricate bearing-problem with 
these special two-row, thin section, 8.062” x 10.687” x .750” ball 
bearings. Similarly, KAYDON cooperates with designers of many 
types of precision equipment to achieve their objectives. 


KAYDON Types of Standard and Special Bearings: 
Spherical Roller ¢ Taper Roller ¢ Ball Radial ¢ Ball Thrust 
èe Roller Radial è Roller Thrust ¢ Bi-Angular Bearings 
THE ENGINEERING 


CORP. 
MUSKEGON @ MICHIGAN 


PRECISION ROLLER BEARINGS 
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NEW COMPONENTS—-MATERIALS AND PARTS .... «+ cee 








Designed to increase the speed and accuracy of electrical 
measurements, the new model 102 phantom repeater 
features a circuit with a high input impedance at the ends 
of the test leads, coupled with an instrument amplifier 
having a low output impedance. The instrument's input 
impedance is now greater than 200 megohms shunted by 
6.0 mmf, and output impedance is within 350 ohms in 
series with 8 mfd. Other features include gains of 1.0, 10, 
and 100; and frequency response of 5 cps to over 150,000 
cps. 

The entire input circuit of the repeater is enclosed in 
a shield which is driven at almost the same instantaneous 
potential as the test signal conductor. Therefore, the cir- 
cuit being tested has to supply only a fraction of the 
usual charge, reducing the apparent capacitance. Also, only 
a fraction of the usual current flows through the conduct- 
ing paths, increasing the apparent resistance. 

In addition to increasing the sensitivity of almost any 
voltmeter or cathode ray oscilloscope, the repeater elim- 
inates the many test le ads often found. Only a single con- 
ductor has to be moved about the circuit, reducing the 
number of ste ps in a series of measurements Keithley Instruments, 3868 Carnegie Ave., Cle 





veland 15, Ohio 





Mechanically Operated Impulse Generator 


This new model 3010 electro magnetic pick-up is an 
electrical impulse generating device that produces a voltage 
output proportional to the rate of motion or speed of the 
magnetic object, and operates without physical contact when 
mounted near any moving magnetic material. It may be 
actuated by the keyw ay in a shaft, the teeth of a gear, the 
spokes of a wheel, a slot in the rim of a wheel or shaft, 
a screw head or pin on a moving part, or any vibration or 
displacement of magnetic material in the field of the 
pick-up 

The pick-up may be used for measuring acceleration 
and velocity; triggering or synchronizing cathode ray oscil- 
lograph sweep circuits; angular position indicator (shaft 
or fly-wheel) ; or reference marker (degrees, position). 
It will indicate rpm, count operations, sequences, cycles 
or motion at rates in excess of 20,000 per second when used 
with electronic counters 


Specifications: The device has an output in excess of 80C1 connectior; overall length 2 in.; diameter § in.—18 
i : 


2 v peak to pi eak, depending upon spacing, speed of moving threads/in. (NF or SAE); weight less than 2 ounces. 


part and « lisp lace me nt amplitude; it will respond to me- More information may be obtained from the manufacturer. 
ch: inical movements at rates in excess of 20,000 per sc cond; 


Electro Products Labs, Inc., 
t has an AISI 416 stainless steel body; an amphenol typ 4501 N. Ravenswood Ave., Chicago 40, lil. 








A TIMED DELAY RELAY, adjustable ing contacts; rating, 3 amp, non-in- may be used as a decorative coating for 


from 0.10 to one second, uses a rock- ductive 28 v d-c; 14 amp inductive refrigerators and household appli- | 
shaft motion instead of thermal or 115 v a-c. Cook Electric Co., 2700 N. ances. It may be applied by spray to 
shorted turn principles. The new rock Southport Ave., Chicago 14, Ill. injection molded polystyrene parts. It 


shaft motion is unaffected by heat, has good wetting characteristics and 
cold, vibration, or impact. Other fea- DEVELOPMENT OF STYROPHANE, a good flow or leveling out. Standard- 
tures; time interval independent of new organic coating for pom, Toch Chemicals, Inc., 2600 Rich- 
voltage; instantaneous reset; snap act- designed to withstand high humidity, mond Terrace, Staten Island 3, N. Y. 


CONTINUED ON PAGE 236 { 
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NEW COMPONENTS—-MATERIALS 


AN D 


PARTS 


continued 





High Pressure Hydraulic Swivel Joint 


A complete standardized line of 
high pressure hydraulic swivel joints 
for general industrial, military, and 
aircraft use with tubing or pipe has 
a selfaligning feature that is said to 
simplify and speed up installation, and 
minimize wear. The joint has a side 
flexing feature that permits movement 
in any direction, and absorbing all 
vibration. Also, thcre is no metal-to 
metal contact between moving parts 
since the ball seats in a chemically 
inert gasket as shown 

The joints are produced in four 
different styles with straight or angle 
conections for use with 4, %, 4, or £ 
in. tubing, or equivalent size pipe. 
All styles and sizes are available with 
a choice of thread connections: AN, 
industrial ermeto, or standard pipe 
threads. Pressure ratings are 3,000 psi 
hydraulic with steel or aluminum cas- 
ing and stainless steel ball. Depend- 
ing on the operating service condi- 





tions, temperatures ranging from 
-100 to +500 F can be handled. 
Principal uses for swivel joints of 
this type are in high pressure hydraulic 
circuits where flexible blowout-proof 
all-metal lines are wanted. The joints 
give a 360 deg swivel action and have 


Gosket 
retaner 


up to 15 deg side flexibility. In 
other types of service, the joints may 
be used for handling air, steam, re- 
frigerants, lubricants, or chemicals at 
high pressures and temperatures. 


Barco Mfg. Co., 
1801 Winnemac Ave., Chicago 40, Il. 





Remote Measurement of Molten Metal Flow 


A new device, called a magnetic 
flowmeter, for the remote measure- 
ment of molten-metal flow, has been 
designed so that its sensing element is 
external to the flowing liquid. This 
gives protection where metals such as 
sodium, lead-bismuth, and sodium 
potassium alloys, must be metered. 

According to the manufacturers, onc 
of the basic features of the flowmeter 
» that it eliminates all movable parts 
nd physical obstructions to fluid flow. 
It consists essentially of a permanent 
magnet with a pipe centered between 
the magnet pole faces by means of 
stainless-steel supports. 

As the molten metal flows through 
the pipe, it cuts the magnetic lines of 
flux set . by the magnet. This gen- 
erates a small directional voltage in 
the pipe | oportion al to the amount of 
magnetic flux and the rate of meta! 
flow. The voltage is picked up off the 
pipe by two stainless-steel wires and 


I 
transmitted to an instrument showing 





the prevailing flow rate or a recording 
meter providing a permanent record 
of flow rates. 

It is possible to use any potenti- 
ometer-type indicating or recording in- 
strument for the measurement of the 
millivolt output of the flowmeter 


The sensing head of the new device 
is 3 x 53 x 6 in. and will measure 
flow in pipe sizes of 4, 3, or 1 inch. 
Accuracy of the magnetic flowmeter is 
plus or minus three percent. 


General Electric Co., Schenectady 5, N. Y. 





MOLDED IN  MOISTURE-RESISTANT, 
non-flammable thermosetting plastic, 
rated at 20,000 v d-c, and designed for 
85 C operation, a new type 700 C 
high-voltage ceramic capacitors will 
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find use as high-voltage supply filters 
in television receivers and cathode-ray 
instruments. Standard rated capaci- 


tance is 500 mmf. The capacitors with- 


stand a dielectric test potential of 
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30,000 volts. Minimum insulation re- 
sistance under standard test procedures 
at 25 C is 10,000 megohms. Sprague 
Electric Co., 195 Marshall St., North 
Adams, Mass. 


CONTINUED ON PAGE 238 
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More power to you! 


In the vital electrical equipment industry, as 
in practically all other fields, the uses for 
OsTuco Tubing are countless. Transformer and 
header tubes, columns, bushings, bearings, 
housings, and mounts are only a few of the spe- 
cific applications in generators, motors, 
starters, power equipment, and many other 
electrical products that mean power to you. 

Whether your products are electrical or of 


an entirely different type, you'll be wise to in- 
vestigate the advantages of Ostuco Tubing, in 
improving design, increasing strength, reduc- 
ing weight, and cutting cost. We cannot always 
promise early delivery estimates on new civil- 
ian orders, because of military demands, but it 
will pay you to consult our experienced engi- 
neers about Ostuco Tubing when redesigning 
your products to meet future competition. 


THE OHIO SEAMLESS TUBE COMPANY 


From Your Blueprint ea deo ial Manufacture: 


TUTTLE 


und Fabricators of Seamless and Electric Welded Steel Tubing 
Plant and Generail Offices: SHELBY, OHIO 


aiy 


SALES OFFICES: Birmingham, P. O. Box 2021 * Chicago, Civic Opera Bidg., 20 N. Wocker Dr. 
Cleveland, 1328 Citizens Bidg. * Dayton, 511 Salem Ave. * Detroit, 520 W. Eight Mile Road, 
Ferndale * Houston, 6833 Avenue W, Central Pork * Los Angeles, Suite 300-170 Se. Beverly 
Drive, Beverly Hillis © Moline, 617 15th St. © New York, 70 East 45th St. * Philadelphia, 
1613 Packard Bidg., 15th & Chestnut © Pittsburgh, 1206 Pinewood Drive * St. Lowis, 1230 
North Main St. * Seattle, 3104 Smith Tower * Syracuse, 50! Roberts Ave. * Tulsa, 733 Ken 


nedy Bidg. * Wichita, 622 E. Third St. * Canadion Representative: Railway & Power Corp., Ltd. 





, 


se 


PEII d 





vi 


Lili i / 


‘iF 





fete Lal 


AY 


MICHEL 


I~ 
L- 


UNH OCITV A 


HOOVER HONED RACEWAY 


“She Distinguished User list 
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New Parts and Materials... .. . continued 


All Band Direct Reading 
Spectrum Analyzer ` 


A new and improved all band direct 
reading spectrum analyzer, covering 
the frequency range from 10 mc to 
21,000 mc, is covered by means of four 
tuning units. It has continuous uni- 
dial tuning over the entire range with 
5 ke resolution at all frequencies. The 
frequency can be read to an accuracy 





of 1 percent, and dispersion is inde- 
pendent of frequency and available 
from 250 kc to 25 mc. A frequency 
marker is used to measure frequency 
differences from 0 to 25 mc. 

The microwave tuning units use the 
latest design non-conducting shorts to 
insure accurate resettability and long 
mechanical life. 


Polarad Electronics Corp. 
100 Metropolitan Ave., Brooklyn 11, N. Y. 


Solenoid Shut-Off Valve 
With Time Delay 


Manufacturers of electro-magnetic 
controls have recently designed a 
midget solenoid shut-off valve with a 
time delay mechanism which holds 
back the flow of liquid or gas through 
the valve for about 54 sec. after the 
solenoid becomes energized. This fea- 
ture is said to make the valve useful 
in oil burner applications where it is 
necessary to have instant combustion. 
The time delay mechanism holds back 
the flow of oil until a full stream of 
air, sufficient to make a perfect com- 
bustible mix, is flowing through the 
burner. On subsequent stoppage and 
re-lighting, the delay gives enough 
time to purge the fire box of old fumes 
and smoke. The valve can be installed 
in any position without affecting the 
time delay action. Shut-off is instanta- 
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Watch a worker making ready for a 
simple drilling operation. He places 
the work in a fixture and hand-clamps 
it. With everything all set to go, you'll 
find he takes as much as ten seconds 
just to grip the work tightly in the 
clamp. 

Multiply that by thousands of ma- 
chining operations in a normal high 
production shop. You'll find a substan- 
tial portion of work time is used up 
before actual production is begun. 

You can eliminate nearly all of this 
lost time with the new Schrader 
ClampAir. What’s more, since the 
ClampAir takes no more effort than 
opening a valve, high-priced workers 
are not tired by useless labor. 

The ClampAir is actually a ban- 
tam air cylinder, with plenty of power 
to hold work firmly in place—with the 


products 


control the air 


A. SCHRADER’S SON 


Division of Scovill Manufacturing Company 


477 Vanderbilt Avenue, Brooklyn 17, N. Y., Dept. U-5 


| am interested in more information on 


Name — 


Company 


Address 






same holding force every time. That 


means the end of rejects caused by 
inconsistent holding forces. 

The number of places where 
ClampAir can serve you well is on 
drill presses, milling machines, gluing 
operations, and others too numerous 
to mention. In all of these, production 
rates can be upped to higher percent- 
age brackets with ClampAir. And, 
since ClampAir is basically a push 
type cylinder, it can be used in many 
other spots where you need a short, 
hard stroke. 

It’s easy to find out how ClampAir 
can shorten production time, increase 
worker efficiency. Write, outlining the 
applications in which you are inter- 
ested—or fill out the coupon below. 
We will be glad to help you determine 


ur needs 


ail This Coupon Today 


Incorporated 
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Photo courtesy Vapor Heoting Corp 


insures the reliability of your equipment. 





Miniature air-damped Barrymounts were developed specif- 
ically to help you with your miniaturization projects. They 
give you these advantages: 


1. Less space — reduced height cuts cubage of mounted 
equipment. 

2. Less weight — only 5/16 ounce per unit isolator. 

3. Wide load range — 0.1 to 3.0 pounds per isolator. 

4. Satisfy temperature (—67 to +170F), vibration, and 
other performance requirements of JAN-C-172A — 
special models available for extreme high or low 
temperatures. 

5. Ruggedized models — available for equipment that 


New Parts and Materials continue: 








must meet shock-test requirements of AN-E-19, MIL- 


E-5272, and MIL-T-5422. 


6. Four styles — available as unit isolators or assembled 


with mounting bases built to your needs. 


neous and positive. Overall size, top 
to bottom, is 2 13/16 inches. A sim 
ilar 3 way valve with time delay fea 
ture is available. 

This time delay feature also per 
mits the valve to be used for machine 
and instrument control where a timed 
delay in flow is desirable after thc 
coil is energized. 

The valve has 3-in. pipe connec 

| tion and full ṣẹ in. port for pressure 
up to 150 lb with 15 gal per hr flow 
| Also available is a similar valve with 
| a $ in. pipe connection, a full $ in 
| port for pressures up to 125 1b, 40 gal 
| per hr flow, and a time delay of ap 
proximately 64 seconds. Standard con 
| tinuous duty coil for 115 v, 60 cycles 
Brass or stainless steel body with 
| stainless steel operating parts, and a 
soft composition disk to give tig) 
shutoff 


Automatic Switch Ci 
379-D Lakeside Ave., Orange, N. |] 


| Smallest Over-Running 
| Clutch 


A line of miniature over-running 
clutches, said to be the smallest com- 
| mercially available, and known as 


Miniclutch has such applications as: 
recording instruments and business 


| machines, motion picture projectors, 


| 
| 


sewing machines, automatic vending 
machines, ratchet-feeds, servo mecha- 


| nisms, lubricant pumps, and control 


| 


devices like those used in gun-pointing 


to 


TYPE 6475 


TYPE 6465 


Atiente Chicego Cieveload Dalios Dayton Detroit Los Angeles MianeGpolis New. York Philedelphic 
Phoenix Rochester St. Loss Son Frescisco Seottle Toronto ` Woshisgtoa 
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For complete information, ask 
for Barry Catalog 523-A; it’s 
free on request. And for greatest 
benefits with miniature Barry- 
mounts, let our Field Engineer- 
ing Service share our experience 
with you in the early stages of 
your designs. 


TYPE 6695 


TYPE 6690 


~ BARRY -. 


73° PLEASANT ST., WATERTOWN 72, MASSACHUSETTS 


SALES REPRESENTATIVES IN 


equipment. 


This one-way miniature clutch has 
| four rollers, features quick, smooth 
action, and stands up under long and 
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P-6271 Aftachment 


Both the QUALITY and the 
QUANTITY of a machine’s production 
largely depends on the SPINDLE. 

For trouble-free operation and 
continuous production of accurate 
parts Specify POPE SPINDLES. 


POPE MACHINERY CORPORATION 


PRECISION SPINDLES 
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design flexibility 


s Many small, intricately shaped parts that are now being fab- 
i ricated separately by conventional methods can be econom- 
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New Parts and Materials...... continue 


continuous use. Tests on a unit mea 
uring ł in. in diameter used as 

variable stroke ratchet showed th 
ability to throttle down to a feed c 
less than 1/300th of a revolution pe 
stroke. 

Other features are: infinitely adjust 
able ratchet feed; automatic couplin 
mechanism; selective coupling; dua 
or multiple drives; and free wheelin 
of high inertia parts. 


High Precision, Inc 
375 Morse St., Hamden, Conr 


Automatic Power Steering 


A fully automatic, compressed ait 
operated power steer booster give 
easier, safe steering of trucks, tractors 
moto-cranes, off-the-road and heavy 
road construction equipment, military 
and other specialized vehicles, and can 
be adjusted by operator at instrument 
panel to give desired amount of steer 
ing assist for any load, condition of 
road, speed or any combination ot 
these variables. The unit uses com 
pressed air for its power, and requir: 
few fittings for installation on old or 


sf APSCO “P= 


new vehicles without altering or 1 
moving any part of the steering mech 
anism, One end of booster is fastened 
to a stationary member of vehicle. The 
other end of the accessory is attached 
to a movable part of the steering link 
age, pitman arm, drag link, or tie rod 
Only one air line is needed. The de 
vice requires no oiling, and can’t jam 
or freeze. There are no reservoirs to 
fill, no pumps to replace, and no fluid 
to leak away. 


The Air-O-Mati pi mar Steer Corp., 
24 Noble Court, N.W’., Cleveland 13, Obi 


. 


Fastening Device for 
Switch Assemblies 


A fastening device that is said to 
simplify switch assemblies and solve 
the problem of attaching plastic push 
buttons to switch arms may be used on 
all types of push button switches used 
with household appliances, electrical 
controls and lighting equipment. 

Installed without use of special 
tools, the new fastening is a small 
stamping in. long and $ in. wide 
It has a down turned section that over 
laps the end of the switch arm; a bent 
tab slips into a prepared hole at a 
fixed ‘distance from the switch arm 
and two prongs project upward to bite 
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Araldite* Bonding and Casting Resins de- 
veloped by Ciba Research are simplifying 
manufacturing methods, improving product 
efficiency, and opening new fields of product 
development. You will want to know more 


about them 


» ARALDITE® BONDING RESINS 


ARALDITE® CURING BOND STRENGTH” 
mat Phen A ALUMINUM-ALUMINUM 
(LB./$Q. IN.) 
2000-2500 
1400-1600 


PHYSICAL 
APPEARANCE 


High viscosity liquid 


SUGGESTED USE 


Room temperature Bonds or seals glass-metal 


Room temperature Low viscosity liquid 
contains solvents 
Low viscosity liquid 
contains solvents 


Bonds metal-metal and 
metal-wood 
Heat cure 


2000-2500 Impregnating (vacuum method), 
laminating and bonding 

Heat cure Low viscosity liquid 2500-3000 Impregnating, laminating and 
contains solvents bonding. 

3000-3200 


AN-106 Heat cure Heavy paste Bonds socket-type joint 
silver color 


AN-107 Heat cure Heavy paste 


tan color 
Heavy paste 2500-3000 Laminating, bonding. 
| tan color Rapid cure 
AN-100 Heat cure Powder 4000-4500 
| tan color smooth, 
AN-110 Heat cure Powder 4000-4500 non-porous 
| silver color materials... 
AN-120 Heat cure Stick 4000-4500 metal-metal, 
ton color metal-glass, 
AN-130 Heat cure Stick 4000-4500 metal-ceramic, 
silver color glass-glass 


3000-3200 


Bonds socket-type joint. 


AN-112 Heat cure 


Heat-resistant, 


AN-104 | Room temperature Non-flowing paste 


tan color 


1000-1500 Bonds loose-fitting joints. 


AN-103 | Heat cure 1200-1400 


Non-flowing paste 
tan color 


ARALDITE CASTING RESINS 


Bonds loose-fitting joints. 
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*ASTM D1002-49T 
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ARALDITE® 
TYPE 


CN-501 


CURE 


Heat cure 


PHYSICAL 
APPEARANCE 


Amber 
solid 


SUGGESTED 
USE 


Casting, potting, 


SHRINKAGE 


Very low 


ELECTRICAL 
PROPERTIES 


Excellent 


encapsulating. Ve to 2% 
Good adhesion. 
Casting, potting, Very low 
encapsulating. 2 to 2% 
Good adhesion. 


Similar to Araldite Very low Excellent 
CN-501. Low tempera- 2 to 2% 
ture. Pour. 


CN-502 Room temperature Thin 
or heat cure liquid 


Room temperature Liquid 
or heat cure 


Heat cure Very thin Impregnating, casting, Good 
liquid potting, encapsulating 
Good adhesion. 


SEND THIS COUPON ... or write us on your company 
letterhead . . . for complete technical data on the physical 
properties and recommended procedures for the success- 
ful use of Araldite Resins for your own fabricating needs. 


CIBA COMPANY INC., division 


627 Greenwich St., New York 14, N. Y. 
(In Canada: Ciba Co. Ltd., Ciba Bidg., Montreal) 


Please send me Ciba Plastics Technical Bulletins for 
BONDING [] CASTING [] COATING [] 


*Reg. US. Pat. OF. 
Name 
Company ———— Title 


Dib E Pas tics 


Å BONDING É CASTING COATING RESINS | — 
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STANDARD CLAMPS FOR SPECIAL APPLICATIONS 


ENGINEERS 
NOTEBOOK 


Pau 
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STANDARD BAND CLAMPS 
FAST DELIVERY — 
FAST PRODUCTION 


New plant facilities and methods at ee cone 

lel very time on standard band clamps to = 
— h 5: 1 ut one of many advantages s 
a B i i s standardization of clamps for or i- 
mean t ich heretofot e required special designs. = = 
Saal ‘ d throughout industry for — or. 
i il du t connections, attachment of eee S, $ 
ine of wiring and miscellaneous equipment. 


1 The Quick Coupler type with 

DH D patented latch is particulariy 
useful where ease and spee 

y of assembly are important. 


The T-Bolt which provides even 

O T circumferential tension finds 

=? ideal application where high 

J l strength and an especially tight 
: seal are required. 


i i of 
light weight and ease 
` mple, foolproof design, ] at 
DARRO have led to the specification of M 
Cl ieee on virtually all U.S. aircraft. 


RMATION 
FOR ADDITIONAL INFO 
WRITE FOR ENGINEERS’ NOTEBOOK #21 E 


MARMAN 


SAVE COST 
PRODUCTS CO, /nc. TIME AND 
11214 EXPOSITION BLVD con 
DEGIE Pees WITH 
LOS ANGELES 64 CALIF MARMAN 
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into the plastic push button. As the 
push button is slipped over the switch 
arm with the mounting clip in place, 
the projecting prongs are compressed 
Once the button ts in place, the prongs 
engage the inner surtace of the but 
ton, locking it in place. 

The clip is designed to engage even 
the hard, brittle plastics sometimes 
used where high insulating character- 
istics are required, and will fit any 
size or thickness of switch arm, pro- 
viding only that the prepared hole in 
the arm is correctly placed with re- 
spect to the end of the arm. 


Shakeproof, Inc 
St. Charles Rd., Elgin, ll! 


Large Capacity 
Air Transformer 


Said to be more efficient, easier oper- 
ating, and having a greater capacity 
than former types, the new HLD air 
transformer has a built-in stage regu 
lating principle for easier adjustment 
of pressures. The knob actuates a 

| small pilot regulator which in turn 
operates the diaphragm of the large 

| regulator. In tests, 97 percent of en 
trained water was removed from 100 
cfm of air at 100 Ib pressure. 

The transformer has two regulated 


Se 
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FULTON 
SYLPHON 


Knexville 4, Tenn. 
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Ta WHY sO many manufacturers 
come to Fulton Sylphon or Bridgeport 
Thermostat for bellows assemblies. For 
building them is a specialty with us—has 
been for half-a-century. 

We have the skilled personnel—the 
background experience —the production 
facilities to build bellows assemblies exactly 
suited to your needs. And our specialized 
experience can save you time and money 

because we can take over the complete 
job, relieve you of all production prob- 
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IT TAKES A SPECIALIST to do the job! 


lems and worries. 

We design and engineer bellows 
assemblies that are used throughout indus- 
try—as flexible connectors . . . for thermo- 
static devices . . . pressure controls 
hydraulic mechanisms . . . valves shaft 
seals .. . recording instruments and for 
other uses. Wide range of sizes. Stainless 
steel and other metals. 

Write for helpful information and tech 
nical advice. And ask for illustrated, idea- 
filled Catalog TP -1200. 
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BRIDGEPORT 
THERMOSTAT 
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EMPERATURE CONTROLS BELLOWS assempues + BELLOWS PENSES 


DIVISION 
Bridgeport 1, Cona, 
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R-B-M 77 3()() SERIES 


Hermetically Sealed Relays 


The R-B-M 22300 hermetically sealed telephone type relay is the 
electrical and mechanical equivalent of AN 3304-1, except for 
smaller size and mounting dimensions. 


An improved armature design, plus high temperature molded 
nylon coil bobbin, provides greatly improved magnetic efficiency 
and enables R-B-M to reduce the overall size of the relay. The 
R-B-M 22300 design still retains palladium 
cross-bar contacts identical to those used in 
the larger size. 


Maximum contacts—6 Form A and 4 Form 
C-3 ampere 28 Volts. D. C. coil construction 
only. Maximum coil resistance 5000 ohms. 
Minimum power .75 watts. Also available in 
AN 3304 can for dynamotor or low capacitance 
application. 





Optional Mounting 
Arrangements 


Write Dept. C-10 for ASR Bulletin. 


R- 
ESSEX 


Logansport, Indiana 


MANUAL AND MAGNETIC ELECTRIC’ CONTRCE 


AUTOMOTIVE 


INDUSTRIAL COMMUNICATION AND ELECTRONIC 


= Be IS 
WIRE corp. 


USE 





New Parts and Materials. ..... continued 


air outlets and two unregulated, and 
has a capacity of 100 cfm. The head 
of the transformer housing the regu 
lator, two pressure gages and valves 
is a zinc die casting. The separating 
mechanism is a mechanical disk typ: 
filter. 


The DeVilbiss Co 
296 Phillips Ave., Toledo 1, Obie 


Meter Has 
Five Scale Ranges 


A new laboratory type instrument, 
ruggedized for field service and avail- 
able as a d-c voltmeter, a-c voltmeter, 
and d-c milliammeter, features 5 full 
scale ranges, a range and scale changer 
which automatically changes meter 
electrical characteristics to correspond 





to the selected scale, a mirrow scale 
for laboratory precision, 3-way bind- 
ing posts, and a military type move- 
ment. The selected scale only is visi- 
ble, eliminating reading errors of the 
multi-scale instrument. 

These instruments are available 
singly and in sets of four, and make 
possible simultaneous measurement of 
2 or more circuit characteristics. 


Phaostron Co., 151 Pasadena Ave., 
South Pasadena, Calif. 


Precision High 
Temperature Resistors 


A complete line of precision re- 
sistors specifically designed for high 
temperature applications are said to 
operate with dependability and long 
life where ambient temperatures in ex- 
cess of 235 C are encountered. In 
addition they feature a low tempera- 
ture coefficient resulting in nearly con- 
stant ohmic value over a range from 
—55 C to +125 C. The total per- 
centage change in resistance is under 
0.2 percent. i 

These resistors are small, compact 
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RUBBER PARTS FABRICATED BY STALWART 


ONLY SILICONE RUBBER PARTS can 
withstand temperatures ranging from 
+500° to -110° F. Because of their 
extraordinary properties, silicone 
parts have excellent resistance to 
weathering, oxidation, moisture, 
ozone, permanent compression set, 
and many chemicals and oils. 


SILICONE PARTS FABRICATED BY 
STALWART assure maximum per- 
formance and maintain their desir- 
able physical, chemical and dielectric 
properties under critical operating 
conditions. In many applications, they 
have replaced metal fabrications 
forced upon manufacturers by the 
limited thermal stability of organic 





200 NORTHFIELD ROAD 





rubbers. Silicone rubber parts now 
are used for many difficult applica- 
tions . . . aircraft seals and instru- 
ments, marine equipment, trans- 
formers, internal combustion engines, 
motors, generators, chemical and 


electronic equipment, etc. 


EXPERIENCED STALWART ENGINEERS 
are prepared to mold, extrude, punch, 
machine-cut and mandrel-build pre- 
cision silicone rubber parts to meet 
individual as well as 
S.A.E. and A.S.T.M. 
specifications. 


Write today for 
CATALOG 51SR-1 for 
additional information. 


412-SR 


A 
TALWART RUBBER COMPANY 


° BEDFORD, OHIO 
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UNITCASTINGS ARE FOUNDRY ENGINEERED 
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UNITCAST- 


D —_ ides te AIRLANES 


ircraft castings used directly or as an accessory attachment) 


UNITCASTINGS 
.. ENGINEERED TO “TAKE IT” 


Each of the above castings is the result of cooperative 
designs embodying the best-known foundry techniques 
available to assure the production of HIGH STRENGTH, 
MINIMUM WEIGHT, DEFECT-FREE castings. Each 
part ıs either percentage checked or 100% checked by 
radiographic and magnetic particle inspection. 

Unitcast HAS met and WILL continue to meet the de- 
mands of industry, producing pre-determined TOP 
QUALITY castings, as shipped, and with personal fol- 
low-up to check machinability, fixture fit, assembly fit, 
etc., in YOUR PLANT 

Your successes reflect on our books. May we offer our 
services to challenge any knotty problem your product 
may present to the castings industry. 


Give us a chance to offer a “cast 
steel” answer for your parts 


problem = SS 
your product is in the design 
QUALITY STEEL CASTINGS stage will pay continuous divi- 
o7 Write or call today. Unitcast 
4, w Corporation, Steel Casting Divi- 
à sion, Toledo 9, Ohio. in Canada: 
U f O Canadian - Unitcast Steel, Ltd., 
A A 
JCA 


Sherbrooke, Quebec. 


| 
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and are available in four types. Maxi- 
mum resistances to 25,000 ohms and 
power ratings to 6 w can be supplied 
Standard tolerances are 1 percent 
special to 0.1 percent. 


Instrument Resistors Co 
Commerce Ave., Union, N. J 


ACCURATE MEASUREMENT of flow of 
liquids and gas under difficult condi 
tions is made possible by the develop 
ment of a new, improved flowmeter. 
The unit is capable of handling toxi 
or highly corrosive substances, viscous 
liquids or other fluids under pressures 
up to 20,000 psi, and temperatures 
ranging from —269 C to 1,200 F. One 
of the sensing elements is as small as 
3/16 in. in dia, and in aluminum 
only 24 ounces in weight. The largest 
element measures six inches and per 
mits accuracy of flow control up to 
4,000 gallons per minute. Minneapo 
lis-Honeywell Regulator Co., 4494 
Wayne Ave., Philadelphia 44, Pa 


A SYNTHETIC RUBBER COMPOUND for 
use with synthetic lubricants at high 
temperature has been developed to 
meet specification MIL-R-7362. Called 
compound 56243, it can be furnished 
in molded and extruded shapes, lathe- 
cut, washer and die-cut parts. The 
compound is said to perform equa!! 
well for sealing greases, meeting speci 
fication MIL-G-3278, (formerly AN- 
G-25). Western Felt Works, 4035- 
4117 Ogden Ave., Chicago 23, IlI 


A POWER REGULATING UNIT will con- 
vert 115 v a-c to 6 v d-c, adjustable 
+ 10 percent, at currents of 5, 15, 
40 and 100 amp with a regulation 
accuracy of + 0.2 percent. A new 
feature is a front panel switch that 
instantly changes the output from 6 


| to 7 v a-c, adjustable + 10 percent 


| Sorensen & Co., Inc., 375 Fairfield 


i 


Ave., Stamford, Conn 
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Packard Electric Division, Generel Motors Corporation 
Warren, Ohio 


DEPENDABLE APPLIANCE MOTORS FOR THIRTY-FIVE YEARS 
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feature is a front panel ‘switch that 
instantly changes the output from 6 
to 7 v a-c, adjustable + 10 percent 


Sorensen & Co., Inc., 375 Fairfield 
UNITCASTINGS ARE FOUNDRY ENGINEERED 


Ave., Stamford, Conn 


Propucr ENGINEERING — Ocroser, 1952 


continue 





NOR 


MISS! 





hue 


zz... Dealiin eneki 


PE wee 


Oct 4 eer eee 


see 





UHV LIL VI 





GENERAL 
MOTORS 





pew + Packard Electric Division, General Motors Corporation 
A EET eae Warren, Ohio 


DEPENDABLE APPLIANCE MOTORS FOR THIRTY-FIVE YEARS 
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The Macnick Division of the Rockwell Register 
Corporation makes this famous "Nickel Grabber” in 
Tulsa, Oklahoma. 


Before Macnick discovered and started to use Hy- 
Pro Phillips Insert Bits for their glass-mounting opera- 
tion in the assembly department of the Park-O-Meter 
case, they had screw-driving troubles. Their Phillips 
Tools lasted only seven or ten days and drove only 
60,000 recessed head screws before they had to be 
taken off the assembly line and resharpened. 


Now, with the Continental Screw Company’s New 
Hy-Pro Phillips Insert Bits, Park-O-Meter drives ap- 
proximately 420,000 screws. And, the Hy-Pro Phillips 
Insert Bits last from seven to eight weeks before re- 
placement is necessary. 


This kind of a production story is fairly typical of 
those who use Continental products and methods. 
When it takes place on your production line, it can 
mean more money in your own pocket and worth-while 
savings for your company all along the line. 

Call Continental when you have an unusual screw fas- 
tening problem and see what you can save...in money 

. manpower . .. methods or materials. Continental 
Screw Company, New Bedford, Mass. 
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Ad Libbing by the Editor 


Reasoning based on circumstantial 
cvidence may often be illogical if all 
of the facts were not known. The red 
hairs in the hat left behind by the 
criminal does not prove that the 
criminal is a red aak. He may be a 
blonde or brunette man who swiped 
a red head's hat. A ball-bearing was 
taken out of its housing, in good con 
dition except that the outer surfacc 
of the outer race had a bluish tinge. 
The shop man claimed that the race 
had rotated in its housing and turned 
partially blue from the heat of fric- 
tion. Actually the fellow who in- 
stalled the bearing had some Prussian 
blue on his fingers. The fellow didn’t 
wash his hands before putting in the 
bearing. 

People in general, including engi- 
neers, will often waste hours of pre- 
cious time “discussing’’ some problem 
or other. The fact may be that they 
are not discussing anything because 
they are just guessing. If I have to 
guess I'd rather go to the horse races 
and do my guessing there. It would 
probably cost me a lot of money, but 
I would not be listening to a lot of 
windy conversation by people who are 
guessing at the basic facts. 

The vice-president in charge of en- 
gineering called a meeting to decide 
what to do about a certain rivet failure. 
The question was whether outside 
consultants should be brought in to 
make a thorough stress analysis or 
whether a test program should be set 
up. Soon the whole discussion got off 
the track. The chief engineer was 
certain that the failure was caused by 
heating effects. The quality control 
head ventured that a change from coke 
fire to electric rivet heating was the 
cause. The production manager 
opined that the extremely low tem- 
perature on the day the rivets were 
driven must have had an effect. 

All during this conjecture period 
one of the project engineers sat with- 
out saying a word. Finally the veep 
asked if he had anvthing to suggest. 
His answer was, “Those rivets have 
less than one tenth percent carbon, 
so there could not have been any heat 
treating effects. Also. T saw the same 
thine happen with cold driven rivets, 
so I am sure the heating had nothing 
to do with the failure, and I have no 
guess to offer.” 

A deadly silence ensued. The 
phrase, “I have no guess to offer,” 
had hit the nail on the head. The 
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Gear Reduction Units 


TETEE TE L 


: Aircraft Reciprocating Engines 3 
r Automotive Accessories s 
T Jet Propulsion Units 5 
IS | Washing Machines x 
i Standard & Special Machine Tools X 
e Electrical Power Equipment 3 


Business Machines 


If you have a shaft sealing problem, Gits experience 
in these and many other specific applications can 


*Cartridge Seal . . . pressure s è 
prove of great and immediate value to you. 


balanced . . . requiring 
only 25% more space Write today for FREE illustrated Brochure, or 
than lip-type seals. send us your seal problem. 


GITS BROS. MFG. Co. 


1838 S$. Kilbourn Ave. + Chicago 23, Ill. 
Gits Lubricating Devices, ; up . 
The Standard For Industry For Over 40 Years 
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TYPICAL APPLICATIONS 


Business machines 
Advertising displays 
Air compressors 

Air heaters 

Air pulsators 
Furnace controls 
Vending machines 
Blowers 

Bathroom heaters 
Sound recorders 
Phonographs 
Record changers 
Kitchen exhaust fans 
Small unit heaters 
Timing devices 
Window ventilators 
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You'll find plenty of rugged dependability 
built into each of these famous General 
Industries’ Smooth Power small motors. 
Backed by more than thirty years of design 
leadership, they provide trouble-free, long- 
lasting performance under the most severe 


operating conditions. 


Write today for complete information, in- 
cluding specifications, design features, 
dimension and quotations for volume 


applications. 


2-pole induction type 


MODEL D 


4-pole induction type 


THE GENERAL INDUSTRIES co. 


DEPARTMENT MM œ 


XQ 





small motors 


1/5Oth to 1/500th H.P, 








MODEL C 
2-pole induction type 


ELYRIA, OHIO 
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vice-president assigned one of the en- 
gineers to undertake an investigation 
to find the cause and the meeting was 
adjourned. All that could have been 
done without a meeting. But humans 
do love meetings to talk and listen to 
others talking. 

Just now we are nationally in the 
midst of hearing a lot of speeches 
The candidates for the office of presi- 
dent are sure busy criticizing the 
other fellow, promising wonderful 
things that they will do if elected, 
dishing out a lot of generalities and 
tactfully avoiding statements that will 
lose votes. I never have taken much 
stock in election promises and assur- 
ances. I guide myself by actual per- 
formance. If the gang in power is 
doing a good honest job I vote for its 
re-election. If the gang in office has 
been pulling a lot of shenanigans, col- 
lecting graft, condoning crookedness, 
coddling tax evaders, stealing the pub- 
lics’ money and using the power of 
their office to prevent the prosecution 
of the guilty ones, I say it should be 
overwhelmingly voted out of office. 

Too bad that this is a technical 
magazine and not a newspaper. If it 
were the latter we could announce our 
support of one of the candidates. As 
it is we must “stick to our knitting.” 
I must not tell our readers that I am 
in spiritual agreement with the news- 
papers that have announced their 
support of General Eisenhower. In 
other words, I refuse to put my stamp 
of approval on crookedness in public 
office regardless of the promises made 
by the candidates of the party in power 
to reform if elected. Their gang had 
its chance, proved itself crooked, now 
even confess it, so out it must go. 

It is amazing how many dumb, doc- 
ile and gullible humans there are. At 
least 60 percent of the world’s popu- 
lation falls in that class, that being 
the percentage of the world’s popula- 
tion that is living in Asia and Russia. 
We ought to include the population 
of all the iron-curtain countries and 
most of Africa, but we want to be 
conservative. 

We can now apply this scientific 
figure, so expertly arrived at, to any 
section of the human race, any geo- 
graphical area, any activity, or any 
product. It is a wow of an advertis- 
ing tool. For example, “all but 40 
percent of the cigarette smokers smoke 
Sine Puffs. Significantly, this figure is 
the scientifically established 40 percent 
of dumb, docile and gullible humans. 
Be smart. Smoke Sine Puffs.” 

Silly? Of course it is! It is almost 
as silly as much of our consumer 
goods advertising. 

—G. F. N. 
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neumatic controls cut labor costs 


and provide automatic operation 


H-2-F Q ontrolair® 
Valve 







N Eastern steel wire manufacturer needed a control 
system that would enable just one man—instead 
of two—to operate his wire drawing and windup ma- 
chinery. Tension on wire forming rolls had to be 
closely controlled to maintain wire size. The control 
system had to prevent the operator from applying the 
brake and clutch simultaneously and from applying 
either one too fast. 

The simple, low-cost pneumatic control system 
shown above satisfies these requirements. Air pressure 
to the pneumatic diaphragm chamber determines the 
tension on the rolls. This pressure is regulated by a 
Westinghouse Controlair pressure-graduating valve. 

Air pressure to the pneumatic brake and clutch is 
graduated by another Westinghouse Controlair valve 
that prevents simultaneous application of brake and 
clutch. A choke in parallel with a single check valve 
guarantees a gradual build-up of pressure even if the 
operator throws the handle of the Controlair valve in- 
stantly from neutral to full on. A quick release valve 
in each line assures rapid release of brake or clutch. 

Maintenance costs and wire breakage are now ex- 
tremely low because the control system prevents shock 
loads caused by sudden full application of brake or 
clutch. 


To learn how pneumatic controls can speed up pro- 


duction and reduce manual operation of your machines 


INDUSTRIAL 


PRODUCTS 
DIVISION 


Q Tension Rolls = È =: a 


———_——$—$—$—_—_—_ 





of wire drawing machinery 


Reel Winding Form | a 





Prev, matic 
Clutch 


= act your Westinghouse Air Brake Distributor. He 

has been trained by our own engineers in the correct 
application of this equipment. Your distributor is 
listed in the Yellow Pages of the telephone book under 
Air Compressors. 


SEND FOR IDEAS 


Westinghouse Datair Sheets, which are being added to reg- 


ularly, can be a valuable addition to your engineering files. 


They describe typical industrial applications of pneumatic 


controls and will give you many ideas for improving your 


machines. For a complete file of Datair Sheets, send in the 


coupon below. 


rocco Free Engineering Information - 


Westinghouse Air Brake Company 
Dept. PE-10 


Industrial Products Division, Wilmerding, Pa 


Please send me a complete file of Datair Sheets, which de 
scribe typical industrial applications of pneumatic 


control devices 


power and 


Name Title 


Company 


Address 


City & State 





AIR BRAKE COMPANY 
WILMERDING, PENNA. 
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No, you’re not all alone on your 


plastics problems. Our designers, engi- 
neers, chemists and production experts 
are ready and eager to help you. From 
design to delivery, we offer a complete 
custom service . . . for product, part or 
package. Any size or shape . . . any 
thermosetting or thermoplastic material. 


Just send your plastics problem to... 


THE WATERTOWN MFG. CO. 


500 ECHO LAKE ROAD + WATERTOWN, CONN. 
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Ultrasonics ... Inspection 
Applications Grow 


Abstracted from “Ultrasonics . . . Inspec- 
tion Applications Grow” by Ralph H. 
Frank, Sperry Products, Inc., Danbury, 
Conn. Steel, June 16, 1952. 
APPLICATION OF ULTRASONICS to in- 
spection and measuring problems is 
growing as understanding of sound 
behavior in materials improves. Sound 
is now widely used to investigate in- 
ternal flaws in castings or forgings 
and to determine thickness of metals 
with corroded inside surfaces or baked 
by liquids. 

Heart of an ultrasonic system is the 
method of transforming electrical 
pulses into mechanical vibrations, and 
transforming the mechanical vibration 
back into electrical pulses. This 
phenomena is called piezoelectric; 
most common substance used for this 
purpose is quartz. 

If an electrical field is applied across 
a piece of quartz its thickness will 
vary as the frequency of the applied 
field. Conversely, if the pressure is 
exerted on the face of the quartz, it 
will generate a small voltage of the 
same frequency as the applied vibra- 
tion. The assembly holding the quartz 
is called a “transducer”, and com- 
monly referred to as a “‘searching- 
unit.” 

Acceleration Without Motion— 
Actual movement of quartz-vibration 
is infinitesimal; it is often described 
as acceleration without motion. To 
transmit such a small amount of en- 
ergy into a material, it is necessary to 
use an incompressible couplant be- 
tween the quartz face and the mate- 
rial surface. Oil is most commonly 
used for this purpose. 

Test References Set Up—For prac- 
tical use and acceptance of any non- 
destructive testing method, standards 
must be established. Most plants using 
ultrasonic testing have developed in- 
ternal plant standards for their own 
use and reference, and recently 
through a committee of ASTM, work 
has been started on developing indus- 
try standards. Reference blocks with 
various diameter flat-bottom holes 
from gy-in. to }-in. diameter are be- 
ing considered. 

In using such reference blocks, two 
methods of interpretation can be 
made. Most common method is to 
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For Rapid, Accurate Inspection of Difficult Shapes 


If you've been thinking of inspection by optical 
comparison only in terms of silhouetting simple 
parts, you may be overlooking a chance to lower 
your inspection costs, speed the work. 

For example, with the Kodak Contour Projector, 
there’s a trick made possible by the unique Surface 
Illuminator. To inspect the above impeller that 
goes into a jet engine component, Eclipse-Pioneer 
Division of Bendix Aviation Corporation projects 
the end of a blade by light directed straight on it 
out of the same lens that picks up the image. Conven- 
tional shadow projection just wouldn't do it. 

In measuring this part, the two micrometers used 
operate independently of the elevating and cross- 
travel screws to eliminate strain and wear. They 


the KODAK CONTOUR PROJECTOR 


lems. We'll tell you how to get it for a showing. 
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A new sound movie shows how to simplify complex inspection prob- 


are provided with dial pressure indicators—there’s 
no “micrometer feel” required. The operator works 
unhampered by hoods or curtains, needs little train- 
ing to get the work out in a hurry. 

If your need is for toolroom measurement, the 
Kodak Contour Projector, Model 2A, is your 
choice. If your need is for fast production inspec- 
tion, the economical, stripped-down Model 3 will 
meet your requirements. There is a field engineer 
in your area who will be glad to discuss your re- 
quirements with you. No obligation, of course. To 
get started, write to Eastman Kodak 
Company, Industrial Optical Sales 
Division, Rochester 4, N. Y. 
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Here’s all the 
oil you need- 


D Ne 


when it’s a PAMSEY 
SILENT CHAIN DRIVE 


LONGER CHAIN LIFE IS A CERTAINTY because lub- 
rication needs are so little. No fancy forced systems or oil 
reservoirs needed. A few drops of oil per day from a simple 
drip-feed oil cup is all it takes because the roller-bearing 
action of the patented Ramsey Chain Joint eliminates prac- 
tically all friction and vibration. Wear is minimized and 
lubrication is not a problem. 


Get the whole story in the Ramsey 
Silent Chain Application Manual. It’s 
full of necessary engineering data on 
chains, sprockets and pinions. Write for 
your copy today. 


CHAIN COMPANY, INC. 


5150 BROADWAY . ALESNYVY, N. V, 
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tun th Re flectoscope so tn indica 
tion from the test hole gives a speci 
fied height. In testing, indications ai 


evaluated as less than or greater than 
the reference indication height 

The other method of interpreting 
is to compare the height of the in- 
dication to the height of the back- 
reflection, and express this as a per- 
centage of the back-reflection. This 
method has the distinct advantage that 
size, shape and surface conditions do 
not vary the relationship. 

In the standardization program, test 
frequencies are also being suggested 
and adopted. For example, in the tool- 


r a — 
j Couplont-Oil, velocity 55,000 in./sec 
Material-steel, velocity 229,000 in./sec 
(High refraction index) 


| Forged- 
rolled 


Excellent 





Fig | 
FIG. 1—Six tyypyical surfaces encoun- 
tered in ultrasonic testing processes. 





FIG. 2—Sound patterns with the search- 
ing unit placed in positions A and B. 


steel, aircraft and forging industries, 
a test frequency of 24 megacycles is 
the accepted and used frequency. In 
the foundry industry, frequencies of 
1 and 14 megacycles are considered 
standard. 

Forged Rotor Tested—In testing a 
large forging or casting such as in 
Fig. 2, when the searching unit is 
placed in position “A”, the sound 
pattern shown below would result 
The sound travels through the piece, 
and reflects off the shoulders as well 
as the end. With each marker set for 
6 inches, distances to all shoulders and 
the end can be measured, confirming 
that the sound has penetrated the roll 
to the end with no abnormal indica- 
tions. The operator is generally look- 
ing for transverse cracks. 

Testing along the outside diameter 
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IN RING 1 => 
EASY-FLO and SIL-FOS in 
an eye-opening demonstration 
of ease and versatility in join- 
ing metals with the gas torch 
.. . Also, for the first time, a 
surprising exhibition of ce- 
mented carbide tool tipping 
by a new member of the 
famous H&H brazing troupe 
—Trimetal. 



















Three-ring exhibition of metal 
joining strength, speed and ver- 
satility by those world-renowned 
performers — the EASY-FLO and 
SIL-FOS family of low-tempera- 
ture silver brazing alloys. 


CENTER RING => 
The great EASY-FLO in a 


stirring demonstration of 
production brazing — show- 
ing this alloy turning out 
brazed assemblies with the 
greatest of ease on a rotating 
table, gas-air heating set-up. 


REVEALING 
SIDE SHOW 


Typical case histories and 
examples of EASY-FLO and 
SIL-FOS brazing . . . Details 
of H&H's nation-wide braz- 
ing service and cooperation 
in applying the alloys... 
Brazing experts always on 
hand to talk with you about 
specific jobs. 
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< IN RING 3 


From the four corners of Industry— 
four EASY-FLO and SIL-FOS braz- 
ing jobs in 2 minute motion picture 
shorts depicting the unmatched time- 
labor-cost-saving performance of | 
these astonishing alloys. | 
i 


IF YOU DON'T GO TO THE SHOW .. 


. « « You still can get the whole Easy-Flo 
and Sil-Fos metal joining story promptly. 
Ask us to send a field engineer — he'll 
gladly talk over your metal joining prob- 
lems. Or, talk with one of our distributors. 
Start the ball roll- 
ing now—write for 
Bulletin 20 giving 
the full money- 
saving facts. We'll 
also send you a 
list showing our 
nearest dealer. 
Write today. 


82 FULTON STREET ° NEW YORK 38, N. Y. 
Bridgeport, Conn. 
Providence, R. I. 
Detroit, Mich. 


Chicago, III. 
Cleveland, Ohio 
los Angeles, Col. 
Toronto and Montreal, Canada | 
DISTRIBUTORS IN PRINCIPAL CITIES k 
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for heating or cooling —WATER—HYDRAULIC OIL, LUBRICATING 
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COME TO TACO... 
WE'RE EXPERTS- 


IN MAKING SHELL AND TUBE 
HEAT EXCHANGERS IN 
Y SHAPE 
ANY METAL OR AN 


Whenever the product you're designing or manufacturing 
requires a shell and tube heat exchanger, discuss your 
space limitations and design requirements with Taco. You 
càn be sure our solution will save you space, time and a 
lot of engineering headaches. We've been helping 


manufacturers who need special heat exchangers of different 
metals for many years. 


Here are Two Examples of Special Taco Heat Exchangers 
Designed to Meet a Space and Capacity Problem 





TACO HEATERS INCORPORATED © 137 SOUTH STREET, PROVIDENCE 3, R. 
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tec 
Fatique crack 
; a 
-False shear, 
A 






FIG. 3—In this crane shaft, direct sound 
path is to the opposite end. 


surface as in position `B”, the center i 
area would be examined for longi- 
tudinal cracks, voids, pipe, etc. If 
the forging contained center porosity, 
our sound pattern would show the ex- 
tent and area of such porosity as in B. 

Maintenance Testing—A typical 
maintenance application is to test in- 
stalled shafting, press columns, crank- 
shafts, and other highly stressed parts 
subject to fatigue action. Such appli- 
cations require both experience and 
judgment, or enough similar pieces 
that comparison tests can be an 

In testing a crane shaft, as in Fig. 3, 

the direct sound path is to the oppo- 
site end; a back-reflection should be 
obtained in a good shaft. Some of the 
sound would reflect back direct from 
the fillet, and would give a small in- f 
dication at the correct fillet distance. 
The sound, however, that struck the 
fillet at 29 degrees would be converted 
into shear, cross the shaft at 90 de 
grees can be converted back into longi- 
tudinal sound and then be returned 
to the searching unit. 

This sound path is shown in “A”, 
and it’s affect on the sound pattern 
shown below. A false indication would i 
appear at a distance equal the diameter i 
of the shaft in back of the fillet. i 

In testing of any pieces with fillets 
or tapers, the possibility of a false i 
shear reflection must always be inves- i 
tigated before condemning the piece. 
A quick method of confirming or dis- 
proving such an indication is to test 
from the opposite end. Distance meas- 
urements will always confirm an actual 
crack at a specific location, but dis- 
tance measurements from both ends 
will never jibe with false shear in- 
dications. 

If a fatigue crack occurs in the fillet 
as in “B”, it can readily be identified 
and its depth plotted on the end of 
the shaft. 

End Reflections—Another interest- 
ing phenomena occurs in the end tests 
of pieces of long length compared to 
thickness. Instead of a single back- 
reflection, two or more equally spaced 
1. reflections are likely to appear. The 





Propuct Enciererinc — Octcrer, 1952 





> 


x i 


Va MN 
ae a 


. 
ere 


<= 


À 


HERE ARE SOME APPLICATIONS 
ü WHERE SANDVIK STEELS 
= TiL LLLE 


RT ETE TTE 
about SANDVIK 
T AECL 


SANDVIK 


AT BOOTH +402 
National Metal 
Exposition 
Philadelphia Oct. 20-24th 


Propuct ENGINEERING — OctToseEr, 1952 


Lae 


COLD ROLLED,- HARDENED, 

TEMPERED AND BLUE POLISHED 
SPRING STEEL APPROXIMATELY 1/5 
THE THICKNESS OF NEWSPRINT! " 


One of the things yov'il see 
spotlighted at Sandvik’s booth is 
Sandvik’s Super-Precision . . . strip 
steel, cold rolled to .0006” 
(6/10,000ths of an inch)! 
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TWIN DISC CLUTCH COMPANY, Rocine, Wisconsin - HYDRAULIC DIVISION, Rockford, Illinois 


BRANCHES: CLEVELAND + DALLAS ~ DETROIT ~ LOS ANGELES + BEWARE + HEW ORLEANS +» SEATTLE + TULSA 
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| Engineering Abstracts......... continu:d 
| sound paths causing these extra ro- 
flections are shown, and since the 


sound crosses the thickness at a con- 
stant angle and a constant velocity, tł 


| spacing of these end reflections is a 


measure of the thickness of the piec 

In steel, the thickness of the piece 
is equal to the spacing between an; 
two reflections divided by a constant 
of 0.76. In aluminum the constant 
0.90. 

In all cases the stray sound paths, 
wave conversions, etc., must occur 
after the direct reflection, since such 
paths are longer, and in the case of 
wave transformations, velocities ar 
much slower. It is a good general rul 
to consider only the distance to th 
first end-reflection in interpretation 
and ignore in most cases the miscel 
laneous reflections that may follow. 

Thickness Measurements — Two 
methods of measuring thickness with 
ultrasonics are commercially available. 
Each has certain advantages and lim 
itations. The method based on res 
onance is particularly applicable in 
thickness ranges of 0.025 to 0.300-in 
and where surfaces are not corroded 
or immersed. 

Reflection technique in measuring 


| thickness is illustrated in Fig. 4. A 5 


megacycle searching unit is best to use, 
because of its short pulse and better 
definition. Using a reference piece 1 
in. thick, and of the same material 
to be measured, the Reflectoscope is 
calibrated by marking the spacing of 
successive reflections on the oscillo 
scope tube, or by accurately setting 
the markers for 4-in. increments 
Appearance of the scope would be as 
shown in “A” of Fig. 4. 


A B 
Reference Pip o 
BOA 
O 


rrr errr & 





| PFP POPETI 


| 
Fig.4 | 


a e 


FIG. 4—Reflection technique for measur- 
ing the thickness of a part. 


Suppose the thickness of the refer 
ence piece were reduced by ';-in. The 
first reflection would shift to the lett 
by gsin.; second reflection would mul- 
tiply the difference in thickness, and 
the eighth reflection would occur on 
scale at 73-inches, instead of 8 inches. 
The slight shift which occurred at the 
first reflection could not be discerned 
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Here at Mount Vernon, we are proud of our 
long-lived dies that "stand the gaff”, exceed 
normal life expectancy despite the severe 
punishment of continuous operation. The one 
pictured has duplicated the casting shown 
more than 1,300,000 times—and this die is 


EURER EESTE ESS 
FROM THIS DIE- 


Since Sept. 1947 


HISTORIES FROM 


~ MT. VERNON FILES 


If you have not already profited by the econ- 
omies to be gained from die casting, consult 
with us. We are confident that, with our com- 
prehensive experience, skills and modern fa- 
cilities, we can show you the way to increased 
output at lower cost. 








easuring 
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t to use, 
d better | tion economies: (1) rapid production; (2) re- 


still in use. 


Die casting affords two outstanding produc- 


piece | duced machining and finishing. 
material 


i Both advantages are fundamental factors in 
SCOpe is 


cing of establishing lower unit costs. But the degree 
oscillo to which savings may be realized depends 
setting upon the quality of the workmanship in mak- 
rements. | ing the dies and the care with which they are 
Id be as used. Dies that retain their accuracy for longer 
periods—yield clean, flawless castings day in 
and day out—quickly write off initial costs, 

and reduce ultimate costs appreciably. 


MT. VERNON 
DIE CASTING CORP. 


MT VERNON NEW YORK 
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for 
product improvement 
ideas consider 


nylon 


rod and strip 


This valve seat machined from FM-10001 
nylon rod outlasts 3 to § seats made from 
metal. Because of its resiliency, plus resist- 
ance to abrasion and corrosion, this nylon 
seat is practically “leakproof”. Machining 
was readily handled on metalworking 
equipment 


Nylon formulations with properties tailor-made 
for specific applications are available, and 
will provide the performance you need. Many 
products such as valve seats, bearings, gears, 
instrument and control parts are now being 
made from several nylon formulations, because 
of the material's outstanding physical properties. 


Nylon rod and strip made to meet your job 
requirements can give you important savings in 
fabrication. You start production immediately, 
right from the blueprint. No waiting for expen- 
sive molds. Design changes can be made 
quickly, and the tooling costs are low. 


Folder Describes Types "ess 
and Sizes Available... 


Just drop us a line for your free copy of this 
folder describing various nylon formulations, 
sizes available, etc. 


THE 





Reading, Pa. 


Pioneer Producers of Nylon Rod and Strip 



























OLYMER CORPORATION | 


NYLON 
& TEFLON 
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or measured, but the }-in shitt which 
resulted at the eighth reflection can be 
easily read and measured. The rule 
then for taking accurate thickness 
measurements is to read the length of 
multiple thicknesses, and divide by 
the number of multiples. 

Count the Multiples—In measuring 
a }-in. pipe wall, it would be difficult 
to count the number of multiples, 
since some would be obscured in the 
pulse, In such a case, count the num- 
ber of multiples in one inch, which 
would give a direct thickness reading. 

In measuring a casting such as a 
tank turret for core shift, if the third 
reflection occurs at 6 inches, the wall 
thickness is 2 inches. If the third re- 
flection occurs 64 inches, the wall 
thickness is 22 inches. 

Thickness measurements with the 
Reflectoscope are not extremely accu- 
rate, but the advantage of being able 
to measure metals with corroded inside 
surfaces, and metals backed by liquids 
makes this method in many cases the 
only possible way to obtain thickness 
measurements. 

Angle Testing—Another general 
application and method of ultrasonic 
testing is the use of shear waves in- 
troduced from the surface of the ma- 
terial at an approximate angle of 45 
degrees. A quartz crystal mounted on 
a Lucite wedge of about 36 degrees, is 
assembled in a suitable holder. Refrac- 
tion causes the sound to enter the steel 
at approximately 45 degrees, and at 
this angle, 90 percent of the incident 
energy is converted into shear waves. 
Due to the slow velocity of shear 
waves, their wavelength is propor- 
tionately shorter. 

Testing at 1 megacycle with an 
angle search-unit, is approximately 
equivalent in sensitivity to testing with 
a 2} megacycle standard search-unit. 
Fig. 5 illustrates the testing technique 
and typical sound patters in the test- 
ing of plate and weldments. 

Testing of Pipe & Tubing—Angle 
testing is also coming into general use 
in the testing of pipe and tubing. 
Sketches in Fig. 6 indicate the sound 
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"56 deg (ite) Mode-shear 
A 
| PS 45 dog 
~Root crack 
Reflection 
A 
B 
\ Weld crock 
Fig. reflection 





FIG. 5—Testing method and sound pat- 
terns for testing plate and weldments. 
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Over half 


FAST’S Couplings now in use! 


HROUGHOUT industry, Fast’s are rated the 

most dependable couplings on the market... to 
the tune of over half a million now in service! Year 
in, year out, they continue to outlast the equipment 
they connect . . . save time, maintenance and money 
by eliminating costly coupling failures. 

Actual cases on record show many Fast’s Coup- 
lings have been in operation for 25 and 30 years 
without trouble. And every major producer of high- 
speed equipment now uses Fast’s! 


Solve your coupling worries! Write today for full 





FASTS 


THE ORIGINAL 
GEAR-TYPE 







INDUSTRY'S STANDARD FOR 32 YEARS 
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details on Fast’s Couplings and Koppers Engineer- 
ing Service to: KOPPERS COMPANY, INC., Fast's 
Coupling Dept., 330 Scott St., Baltimore 3, Maryland. 


Here’s How FAST’S Save You Money 


Free Service—Koppers free engineering service assures you 
the right coupling for the job. 


Rugged Construction—Fast's still maintains its original de- 
sign, without basic change or sacrifice in size or materials. 
Result: freedom from expensive coupling failures. 


Lowest Cost per Year—Fast’s Couplings usually outlast 
equipment they connect. Their cost may be spread over 


many years! 


porn nn nnn nr nnn nnn {Į 
| KOPPERS COMPANY, INC., Fost’s Coupling Dept. 
| 330 Scott St., Baltimore 3, Md. 
Gentlemen: Send me Fast’s Catalog which gives detailed descriptions, 
| engineering drawings, capacity tables and photographs. 
- Name ution 
| Company a 
Address nen m a 
City Zone State 


pearmrocity OE MICHIZSN HBA CO 
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or measured, but the 3-in shift which 
resulted at the eighth reflection can be 
easily read and measured. The rule 
then for taking accurate thickness 
measurements is to read the length of 
multiple thicknesses, and divide by 


the number af multinloc 


Fig. reflection 
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FIG. $—Testing method and sound pat- 
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fee ata MeN eae oo te Pi 





ee, 























inued 


vhich 
in be 

rule 
cness 
th of 
e by 


GES 
SING 


ouplings and Koppers Engineer- 
OPPERS COMPANY, INC., Fast's 
' Scott St., Baltimore 3, Maryland. 


FAST’S Save You Money 





rs free engineering service assures you 
r the job. 


Fast’s still maintains its original de- 
‘hange or sacrifice in size or materials. 
1 expensive coupling failures. 


—Fast’s Couplings usually outlast 
nect. Their cost may be spread over 


‘ANY, INC., Fost’s Coupling Dept. 








Í 

| 

ore 3, Md. | 

st’s Cataleg which gives detailed descriptions, | 

drawings, capacity tables and photographs. 

| name Zhi 

‘ | Company — - | 
Dai i Address NESNE S aiia ee 
1 pat- | Cay — Zone State | 
ts. | Geeeecan's SERRE POR BB VERS bem memistimmeenenwesiomenaom J 


R 3 
1952 i Propucr ENGINEERING — OcroreR, 1952 £0/ 





2 


A ICHICAN HRRKARN IÉ 


©- 
b- 


RN ICDCOITY A 





with STAR-KIMBLE BRAKEMOTORS 
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€ start-and-stop cycles are toughest, you'll find Star Brake- 
ors on the job, hour after hour, day after day! 


The extra-large braking area of Star-Kimble Brakemotors assures 
quick stopping, positive holding of the load—gives long service life 
with little maintenance. Small air gap between electromagnets and 
brake disc results in extremely fast release—allows motor to start 
smoothly, without friction drag. Other features: 


Brake discs mounted close to motor for low wear and strain on shaft 
and bearings. Magnets mounted away from motor for cool operation. 
Quick, simple adjustment of braking torque. Automatic re-set hand 
release—an exclusive, patented Star-Kimble feature. 


Remember . . . a Star-Kimble Brakemotor is a com- 
pact, integral unit—motor and brake buzit together Se 
to work together. Each Star-Kimble Brakemotor ts 
designed for specific service requirements—by the 
company that pioneered disc brakemotors and has 
applied them successfully, for more than 25 years, 


Want to knew how Star-Kimble p 
Brakemotors work — what torque a0 4 
end motor ratings are available? a 

Write for free Bulletin B-501-A. s 


MOTOR DIVISION OF 
E PRINTING PRESS & MANUFACTURING CO. 








11 Bloomfield Avenue Bloomfield, New Jersey 
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| on the casting technique employed, or 


the composition and properties of th: 
material cast, and finally whether th: 
casting has been submitted to a stress 
relief treatment. 

To a great extent, the seriousness 
of the stresses can be minimized by 
proper design, proper casting tech 
nique, and the use of a material with 
a balance between strength and shrink- 
age without recourse to stress relict 
The low shrinkage and wide strength 
range of gray iron, are advantageous in 
minimizing internal stresses. Also in 
certain of the softer gray iron grades, 
slight plastic flow at stresses under the 
elastic limit help prevent these stresses 
reaching critical levels. Residual 
stresses in castings seriously lower ef- 
ficiency, and it is not sufficiently recog- 
nized that, even in the case of gray 
iron, the relief of internal stresses by 
some form of heat treatment is fre- 
quently desirable and sometimes essen- 
tial. 


Causes of Internal Stress 

There are three main causes of in- 
ternal stress: 

1. Differential cooling or contrac- 
tion within a single section due to 
more rapid cooling of the surface as 
opposed to the interior of the section. 

2. Differential cooling between two 
Or more sections, and 

3. The resistance of the sand mold 
itself to shrinkage and contraction of 
the casting. 

(1) The first cause of internal 
stresses can perhaps best be under- 
stood if the case of a particular cast 
ing is considered. If a solid cylinder 
is cast and allowed to cool in the 
mold, the outer portion of the cylin- 
der will, of course, cool more rapidly 
than the core and will thus shrink 
more rapidly. If we consider for the 
moment only the axial stresses (i.e. 
those parallel to the axis of the cylin- 
der), it is evident that stresses in di- 
rections shown by the arrows in Fig. 1 
will prevail. Thus in Fig. 1 the out- 
side layers are in tension and the core 
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IRVINGTON 


INSULATING VARNISH DIGEST 


<a 


Comparative Tests 
Show Superiority 
Of Internal Curing 


That heat-induced chemical polym- 
erization results in more thorough 
drying of insulating varnishes and 
does away with soft, tacky interiors 
is indicated by studies performed 
on test lids with various types of 
varnishes. These studies show that 
varnishes which dry chiefly by oxi- 
dation may remain soft and tacky in 
the interior, even after prolonged 
baking, while the internal curing 
type of varnish, which dries by 
polymerization, sets throughout 
after only a few hours of baking. 


r 





l 


: 





(an 


—4 


Varnish on this test lid—one of a type drying 
by oxidation—baked two weeks at 220° F., 
tacky in the 


remained soft and interior 





j 


Internal curing varnish on this test lid set com- 
pletely after only 8 hours baking at 212° F. 


Air Drying Varnishes 
Have Many Applications 





Air drying varnishes produced by 
Irvington Varnish & Insulator Com- 
pany find wide use both as a final 
coat on windings already impreg- 
nated with other types of Irvington 
varnish and as a means of protect- 
ing other types of electrical appa- 
ratus and improving appearance. 

These varnishes are also used as 
coatings on switch boxes, battery 
trays, conduit boxes, signal boxes 
and metallic surfaces in general. 
Varnishes are supplied in both 
black and clear types. A list of the 
major types is available on request. 


[For further information, write the Sales Manager, Varnish Div., 
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“Deep-Cure” Insulating Varnishes 
Give Outstanding Performance 


Finished Windings Combine High Dielectric, 


Mechanical 


Strength with Exceptional Resistance to Chemicals 


Insulating varnishes that cure throughout by heat-induced chemical polym- 


erization offer unusual service advantages, 
does away with wet, sticky interiors even in very deep windings. 


because this method of curing 


The 


exceptional degree of penetration of these varnishes and their complete 
solidification on curing combine to assure a thoroughly insulated, firmly 
bonded winding. These features prevent shorts caused by chafing of 
insulation resulting from the movement of adjacent turns. 


eee 





Thorough impregnation and complete curing 
result from use of internal curing type varnish 
on these and many other types of windings 


Finishing Enamels Protect 
Windings Against Oil, Dust 


Insulated windings can be protected 
from the harmful effects of oil, 
moisture, chemicals, water and 
grease by means of a quick-drying 
coat of a finishing enamel. Formu- 
lated specifically for use as a finish- 
ing coat, Irvington Enamels are 
easily applied by brush and dry 
rapidly to a tough adherent film. 





Two major types are: No. 32 red, 
designed to give the fastest drying 
time consistent with good protec- 
tion under’ most service conditions ; 
and No. 30 red, for especially severe 
service conditions. 





Easy to brush on, narar Red Enamels pro- 
tect windings from corrosive action and also 
improve dielectric properties 


1952 


In addition, these varnishes offer 
high dielectric strength, ranging 
from 1,700 to 2,200 volts per mil, 
depending on the particular type 
of varnish used. Specific formula- 
tions are adaptable to a wide range 
of operating conditions, from sta- 
tionary coils to high-speed rotating 
equipment, 


Chemical Stability 


All Irvington internal curing varnishes 
have good-to-excellent resistance to oil, 
moisture, acids and heat, and the majority 
of them have good resistance to alkalies 
Because of this high degree of 
chemical stability, they are adaptable to a 


as well. 


wide range of service conditions. Typical 
applications include high-voltage coils; 
radio and TV transformers; low, medium 
and high speed armatures; field coils: «+! 


cooled transformers; relay coils. 


Production Procedures 


These varnishes are adaptable to a wide 
The vac- 


uum and pressure method is commonly 


variety of application processes. 


used to assure the fullest degree of im- 
The var- 


nishes may also be successfully applied 


pregnation of deep windings. 
by dipping. Brush application is used 
between layers as coils are being wound. 
All of these varnishes are adaptable to a 
variety of baking schedules. Their inter- 
nal curing properties permit application 
of multiple coatings with only short, par- 
tial curing bakes between coats. 

Internal curing varnishes are available in 
both black and clear types, and in for- 
mulations that provide either considerab!e 
flexibility or high rigidity in the finished 
In addition, 
search Department is prepared to assist 


windings. Irvington’s Re- 
varnish users in evaluating the properties 
of varnishes for specific requirements of 
service performance, methods of applica- 
tion and baking schedules. 


Irvington Varnish & Insulatér Co., 1y Argyle Terrace, Irvington, N. J.) 
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ranrcociTy OF MICHIEAN HBRARIECO 





under the twists and shocks 
of mighty hammer blows 





@ The rugged job of gripping, 

lifting, tilting, manipulating 
tons of hot stock through 
forging operations and of load- 
ing or drawing furnaces — 
such extreme service conditions subject Brosius Auto-Floor 
Manipulators to a terrific beating. And day after day they take 
it and like it, and roll back for more! 

For very good reasons, Salem-Brosius, Inc., the manufacturer, 
is a consistent user of Winsmith Speed Reducers for rotation of 
tongs heads at 22 to 24 rpm on capacities up to two tons. First, 
they stand up to the twist and shock of forging operations which 
are imparted to the spindle and transferred through the speed 
reducer. Second, they are compact, and being forward of the 
operator they do not obstruct his view of work being done. 

The Winsmith (pat.) Differential Gear Reducer used on the 
Brosius Manipulator is unique among speed reducers. With it, in 
one single stage in the same housing, reduction ratios of 1.1:1 
to 50,000:1 are obtained smoothly and silently — without need 
of extra parts. 

Good to remember: within the range of 1/100 to 85 hp, Win- 
smith’s four basic speed reducer designs — differential, worm gear, 
helical gear and worm-helical — provide the most complete line 
available from any one manufacturer. 





Engineering Abstracts. ....... . continue: 
in compression. Since the cylinder as . 
whole is still at a sufficiently elevated 
temperature, plastic deformation ot 
the core can readily occur and will 
largely relieve the compressive stress 
in the core. However, when, upon fur- 
ther cooling, the core of the cylinder, 
in turn, contracts, the stresses are rc 
versed, as shown in Fig. 2. 

The hotter core material continues 
to cool and attempts to contract while 
the surface layers have already reached 
so low a temperature that the resultant 
contraction stress can no longer be re- 
lieved by plastic deformation, and the 
stresses shown in Fig. 2 remain locked 
in the casting. 

(2) In the case of a casting, how- 
ever, stresses arising from differential 
cooling between two or more sections 
of a casting are of greater significance 
than stresses within a single section of 
the type shown in Figs. 1 and 2. The 
latter stresses are normally only con 
sidered where absolute alignment must 
be maintained in a machining opera- 
tion. The slow cooling in a sand mold, 
in fact, reduces them automatically to 
a point where they seldom adversely 
influence physical properties. On thc 
other hand, as already noted, stresses 
arising from differential cooling of 
independent parts of the casting either 
due to different section thicknesses or 
to their location in the casting are 
much more severe. The resultant dif- 
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YOU CAN TELL AT 


--- when you use T & B 
Sta-Kon® Self-Insulated Terminals* 


You can look right through the translucent nylon in- 
sulation on these new T & B Sta-Kon Self-Insulated 
Terminals — and see the stake mark that tells you the 
joint’s electrically sound, mechanically strong. 


These new components end the risk of shorts 
between closely-mounted terminals. Metallic 
portion retains all the proved advantages of the 
Sta-Kon design— high conductivity, perma- 
nent grip. Lightweight nylon insulation 
prevents metal-to-metal contact 
between terminals... without an extra 
insulating operation. It withstands 
action of gasoline, naptha, 

hydraulic fluids. It’s color-coded 

for quick identification. 


SIMPLE, SURE ASSEMBLY 


One operation stakes terminal to 
wire with terrific force ... holds 
wire insulation firmly inside 
terminal. SHURE-STAKE Hand 
Tools apply 1-ton staking 
pressure every time— jaws 

can’t open till full force is 
exerted. Air tools available too— hand-held 
or bench-mounted. 


* Patent Pending 


ENGINEERED RIGHT... DISTRIBUTED RIGHT! Sta-kon Self-Insulated Terminals are typical of the 
many T ¢> B quality fittings recently re-designed to give you outstanding performance at lowest installed costs. 
Like all T & B fittings, they’re furnished 100% through local T & B distributors under the T & B plan. 


THE THOMAS & BETTS CO., scorronrn 


16 Butler Street, Elizabeth 1, New Jersey 


MANUFACTURERS OF ELECTRICAL FITTINGS SINCE 1898 
ORIGINATORS OF SELF-INSULATED SOLDERLESS TERMINALS IN 1935 


A GLANCE that the Job’s OK 



















THERE'S A 


ENGINEERED 
PRODUCT 


for every 
wiring job 
in the 
complete T & B 
line of fittings 
for all 
conductors and 
- raceways. 


Ovr Field Design Engineers are ready to help you on special fittings problems. Ask your nearest T & B Distributor fo arrange te have one get in touch with you. 
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rir ICDOCITY NE MICHIGAN LIBMARIES 





== Amepacan Cueyiean Pame Corunha? 


AMBLER 





Technical Service Data Sheet 
Subject: IMPROVING PAINT ADHESION ON 
STEEL WITH GRANODINE 














INTRODUCTION 


“Granodine” is a zinc phosphate 


coating chemical which im- 
proves paint adhesion on steel, 


iron and zinc surfaces. In the 





ae 
$ 


Granodizing process, a non- a 


metallic crystalline coating is 
ENOT A 


Official Dept. of Defense Photograph 


An F4U Corsair with the Navy's new air- 
craft anti-tank rocket, the “RAM”. A Grade I 
zinc phosphate finish (JAN-C-490) protects 
the entire external surface of this rocket and 
provides a durable bond for the specification 
paint finish. 


formed on the treated metal. 







This bond holds and protects 










the paint finish and thus pre- 










serves the metal underneath. 





"“GRANODINE” MEETS SERVICE SPECIFICATIONS 


JAN-C-490, 
Grade | 


JAN-F -495 
U.S.A. 57-0-2C 


Type ll, Class C 


U.S.A. 51-70-1, PAINTING AND FINISHING OF FIRE CONTROL IN- 
Finish 22.02, Cless C | STRUMENTS; GENERAL SPECIFICATION FOR 





MIL - V -3329 VEHICLES, COMBAT, SELF-PROPELLED AND TOWED; 
GENERAL REQUIREMENTS FOR 
MANY 
GRANODIZING DATA APPLICATIONS 


Granodizing is an easily applied chemical process. Depending 
on the size, nature and volume of production, Granodizing can 
be carried out by spraying the parts in successive stages of a 
power washing machine, by dipping the work in the cleaning, 
rinsing and coating baths contained in tanks, or by brushing 


Automobile bodies and 
sheet metal parts, re- 
frigerators, washing ma- 


or flow coating the work with portable hand equipment. Typi- chines, cabinets, etc.; 
agg sequence and equipment requirements are shown projectiles, rockets, 

bombs, tanks, trucks, 
WASHER FOm SPRAY jeeps, containers for 
GRANODIZING small arms, cartridge 


tanks, 5-gallon gasoline 
containers, vehicular 
sheet metal, steel drums 
and, in general, prod- 
ucts constructed of cold- 
rolled steel in large and 
continuous production 
are typical of the many 
products whose paint 
finish is protected by 
"Granodine”. 


PROCESS 
SEQUENCE 


. Clean 

Rinse 
. “Granodine”’ 
. Rinse 

Final Rinse 


IMMERSION 
TANKS FOR DIP 
GRANODIZING 


NOTE: Equipment can be of mild steel throughout, except in 
the Granodizing stage, where nozzles, risers, and pump im- 
peller should be of acid-resistant material. 





AC P WRITE FOR FURTHER INFORMATION ON “GRANODINE” 


AND YOUR OWN METAL PROTECTION PROBLEMS. 
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ferent cooling and contraction rates 
can and have produced very appreci- 
able and sometimes critical stresses. 
This problem arises more often with 
castings for the simple reason that 
casting permits more complex parts to 
be produced as a single integral com- 
ponent than is possible using other 
methods of construction. For example, 
assuming that it is necessary to pro- 
duce a casting of the design shown in 
Fig. 3 (actually such a design should 
naturally be avoided if possible), it is 
clear that the two smaller outside sec- 
tions will cool more rapidly than 
the thicker central section. Thus, 
before the central section has com- 
pleted its shrinkage, the comparatively 
cold sections can no longer be plas- 
tically deformed and thus absorb the 
shrinkage stress. In other words, the 
structure is rigid, setting up a tensile 
stress in the thicker or more slowly 
cooling section and a compressive 
stress in the thinner sections. Al- 
though in gray iron these stresses 
rarely reach proportions sufficient to 
crack the casting, they may lead to 
distortion and lower the strength of 
the castings in certain applications. As 
in the previous instance, the internal 
stresses arise from the existence at a 
given moment of a difference in tem- 
perature between two or more parts 
of the casting during cooling. 

(3) The third cause of internal 
stresses is easily seen by a considera- 
tion of Fig. 4. The contraction of the 
casting while still in the mold is 
hindered in this case by the mold it- 
self, so that a tensile stress is set up 
in the cross-bar “a”. 

From these examples some idea can 
be gained of the desirability and some- 
times necessity for again heating cast- 
ings of uneven section size or cooling 
rate to a temperature at which the ma- 
terial will be sufficiently plastic to 
yield and eliminate any existing inter- 
nal stresses. The need for such stress 
relief is intensified if the casting is to 
be used in a critical application. 

A further complication that may de- 
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Sea TUIN 


Industry has learned 


what marine engineers 


have known since 1880 


ELECTRO DYNAMIC 
builds great motors 


AUTHORIZED 
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EBCo-built U.S.S. Perch in maneuvers off Alaska. Official U.S. Navy photo. 















T withstand the terrific strains of submarine service, 
Electro Dynamic motors have long featured extra- 
dependable performance and extra-rugged construction 
to resist stress and prevent twisting and distortion. 


E. D. motors for industry, like their famous marine 


counterparts, are built to stand up under the hardest 
kinds of uses. Their husky cast frames and housings 


assure rigidity and resist corrosion. And the special 
care and superior insulating materials that go into the 


WINDINGS .. . “the heart of the motor” . 


. . provide 


many extra years of dependable, low-cost operation. 
There’s an E. D. motor for every industrial applica- 
tion. Available in all standard enclosures... 1 to 250 h.p. 
Write today for literature. 


IN 


E. D. also makes a complete line of Direct Current 
Motors and Generators. Literature on request. 


PRINCIPAL 


Cities 


ELECTRO DYNAMIC: Division of General Dynamics Corporation » Bayonne, New Jersey 
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Joe, who can make 
these small parts 





"Torrington can, Tom. 
They have the 
experience and 
equipment to main- 
tain precision 
tolerances on any 
quantity of small 
metal parts.” 





Small precision parts often take more 
production time than can be spared. 
Thats why many leading manufactur- 
ers have turned over their parts prob- 
lems to Torrington. Using the latest 
automatic and semi-automatic equip- 
ment, our Specialty Department pro- 
duces hundreds of thousands of parts 
every day to the exacting specifications 
of hundreds of customers. These com- 
panies—some of them Torrington cus- 
tomers for ove! 10 years have learned 
that they save both time and money 
when their small metal components are 


made by Torrington. 


Why not send us a blueprint or sample 
of your small parts? We will quickly 
tell you how little it costs to have uni 


formly accurate components, 


Typical Torrington-Made Parts 





THE TORRINGTON COMPANY 
Specialty Department 


554 Field Street * Torrington, Conn. 


Makers of 


(eee 


TORRINGTON 1//0/; BEARINGS 
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velop in any ferrous casting, and one 
which can develop special stresses, is 
the change in volume, i.e. the ex- 
pansion, which accompanies the cool- 
ing of iron through the critical range. 
This is not important at normal cool- 
ing rates but should be considered on 
very rapid cooling or quenching a cast- 
ing from temperatures about 
1,500 F 


above 


Results of Internal Stresses 


Ihe necessity for relieving internal 
stresses formed in any of the above 
ways is dependent on their magnitude. 
Although, because of the expansion 
accompanying graphite formation and 
the low coefficient of contraction, these 
stresses are less in gray iron than in 
other cast metals, they can, as already 
noted, reach a point where (a) the 
strength of a casting is decreased, (b) 
distortion follows cooling or machin- 
ing or (c) cracking will occur in verv 
severe cases. These possibilities should 
be kept in mind in determining 
whether stress relieving is advisable. 

As concerns lowered strength, it can 
easily be understood that if an iron 
of, say, a tensile strength of 35,000 
psi has in one of the three manners 
noted above acquired an internal ten- 
sile strength of 10,000 psi, it will 
have in service an effective tensile 
strength of only 25,000 psi. Such a 
stressed condition can conceivably re- 
sult in failure of the casting when it 
is subjected to a service load mate- 
rially lower than the normal tensile 
strength of the metal used in the 
casting 

The second, and often the most im- 
portant commercial consequence of 
internal stress, is distortion of the 
casting, a condition which may not 
show up until the part is machined. 
The reason for such distortion can be 
understood if we take the case of a 
plate such as that shown in Fig. 5a, in 
which a balance of stresses exists be- 
tween the core (2x) and two outer 
sections (x+x—2x). If one of the 
outer sections were to be machined 
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CONTROLLED 


ld 


at a price you can 


Practically non-breakable, 
Durakool Pre-set Timer Relays 
have more than proved them- 
roughest and 


toughest jobs that could be 
‘ 


selves on the 


ound. Year by year, their use 
increases in sensational fashion. 
Controlled time available from 
1S to 20.0 seconds in either 
normally open or normally 
losed actions. 3 to 4 week 

No wait ng. Your 


n schedule is met. 


No false contacts 
No chatter 


Quiet in operation 


+++ + 


Eliminates double contacting 
or breaking of circuit 


See telephone directory for local 
distributor or write 


DURAKOOL, INC., Elkhart, Ind. 





Durakool 


ALL-STEEL MERCURY 


Timers 
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The mirror-like finish and exact gauge of McLouth Stainless Steel gives 
you better production performance on every job. 


5 
e. McLouth Stainless Steel is manufactured in a wide range of grades and “ 
A finishes and the exact chemical composition of the steel is determined for f 

every order. It has a high resistance to corrosion, heat and wear to give e 


your products better appearance and longer life. 


Ask for a McLouth Service Engineer to analyze your stainless 
requirements. When the product you make today, or the product you plan 
| for the future calls for stainless, make it with McLouth Stainless Steel. 











Ideally located for 
service and delivery 


Mc Lout STEEL 
CORPORATION 


DETROIT AND TRENTON, MICHIGAN 


Ba n a 


HOT AND COLD ROLLED STAINLESS AND CARBON SHEET AND STRIP STEEL 
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Manufacturers of STAINLESS STEEL FASTENINGS 
RE 
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When 
you think of 


STAINLESS STEEL 
FASTENI 


think first 
of 


ANT/-CORROSIVE 


Anti-Corrosive has millions of stainless fastenings in stock 
(probably the largest selection of varieties and sizes in the 
world) for immediate delivery. Anti-Corrosive has the ex- 
ceptional production capacity that can fill your requirements 
beyond stock items faster, better! 


FREE—A-N Stainless Fastening Selector 


This handy slide-chart instantly identifies 
A-N Nos. pertaining to stainless steel nuts, 
screws, bolts, rivets, cotter pins, washers; 
gives sizes and other data. Write for 


“Chart 52N" TODAY! 
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Fig. 5b 


off as in Fig. 5b, this balanced system 
would be upset, and the stronger stress 
may cause distortion of the casting. If 
the stresses are relieved before ma- 
chining, this distortion can, of course, 
be prevented. 

In the last case, that of cracking, 
the induced internal stresses have ex 
ceeded the ultimate strength of thc 
material, causing fracture even before 
the casting is subjected to a service 
load. Although this is not a common 
occurrence with gray iron (the “hot 
tearing” familiar to steel foundrymen 
is, for example, rare in an iron foun- 
dry), it is possible, and should be 
taken into consideration when the 
casting is designed. Incidentally, 
cracking is more common in white 
iron than gray iron because of the 
ereater cantraction and lower inherent 
plasticity of this material 


Bonded Joints in the 
Construction of 
Metal Aircraft 


Abstracted from Aero Research Technical 
Notes, June, 1952. 

IN COMMON WITH EVERY NEW CON- 
STRUCTION or production technique 
in the aircraft industry, bonded joints 
for light-alloy structures have been 
developed primarily for economic 
reasons, benefiting alike both the man- 
ufacturer and the user responsible for 
subsequent servicing. 

(1) Production Advantages: When 
bonding methods are employed, the 
cost of producing a given joint is to 
a large extent independent of the 
surface area involved, whereas with 
riveting or spotwelding costs are gen- 
erally proportional to the number of 
rivets or welds in the joint. There- 
fore, while conventional methods re- 
main more economical than bonding 
for the production of joints of small 
dimensions, the bonding technique 
offers a considerable economy when 
large surface areas are to be joined. 
Bonded joint, moreover, make pos- 
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Did you know that the common Pocket Gopher 
depends on good seals for protection against 
his natural enemies? This sturdy-bodied 

little rodent spends practically all his life in 
underground tunnels a foot or two below the 
earth's surface. When coming up to throw out 
dirt or search for food, he carefully seals 

all entrances to his burrow with dirt to 

keep out snakes, weasels, coyotes, foxes or 
badgers. The gopher has learned the valve 

of a good seal for lasting protection 





SEALED IN FOR LASTING PROTECTION 





Leading manufacturers and product engineers the 
world over are finding that Minnesota O-Rings meet 
their specific requirements for hydraulic seals with 
close tolerances. Minnesota O-Rings function in 
air, gas or hydraulic systems. Hundreds of successful 
installations are designed into equipment such as 
air cylinders . . . hydraulic valves . . . water pumps 
. .. hoisting mechanisms . . . hydraulic brakes . 
bottling machines . . . steam and gas engines. All 
continue to prove the dependability and wide ap- 
plication of Minnesota O-Rings. For prompt analysis 
and quotation on your next packing installation, 
send us your blue prints or specifications. 


“Specify Minnesota O-Rings for lasting protection. 
Bulletin available on request. 


Manufacturers of All Types of Small Rubber Parts 





INJECTION MOLDED O-RINGS 


Minnesota's exclusive injec- 
tion molding process makes 
possible mass production 
economies while still observ- 
ing extreme uniformity and 
tolerance requirements. 


SS’ MINNESOTA RUBBER & GASKET COMPANY 


3630 WOODDALE AVE., MINNEAPOLIS 16, MINN. 


AFFILIATED WITH MINNESOTA SILICONE RUBBER CO. 
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by National 


selected for Quality 
and Dependability 


Products bearing these familiar 


trademarks have all established 


enviable reputations for quality 


and dependability. 


These manufacturers continue to 


procure castings by National — 
one of the Nation’s largest founders. 





National's unparalleled experience in producing malleable, 


Sales offices and engineering facilities are located at all 


five strategically located plants. A 


PLANTS LOCATED IN Sharon, Po., Cleveland ó, Ohio, 
Indianapolis 6, Ind., Melrose Park, Ill., and Chicago 50, III. 


A 16mm technicolor film. Narrated by 
Edwin C. Hill, this 27-minute film tells how 
malleable iron is made... tested... 

used . . . how its production economy, 
ductility, machinability, toughness 
will give you a better finished oa 
product. Avellable pe Ys 


for group showings. 


NATIONAL MALLEABLE and STEEL CASTINGS COMPANY ` 


CLEVELAND 6, OHIO 


fod 


heat-treated malleable, and steel castings is at your disposal. 


5346 






Engineering Abstracts continued 


sible a great saving of time when air 
or liquid-tight joints are required for 
“pressurised” cabins or  fuel-tank 
structures; the elaborate sealing op 
erations indispensable with riveting 
are completely eliminated. 

(2) Advantages in Operating 
Costs: The economics of aircraft 
operation require that any new method 
of joining metals must result in a 
lower unladen weight so that payload 
may be correspondingly increased. 
New techniques must therefore pro- 
vide structures with a higher strength 
at the existing weight or equal 
strength at a reduced weight. To ful- 
fill these requirements bonding must, 
compared with riveting or spotweld- 
ing, give: 

(a) Higher shear or tensile 

strength. 

(b) Greater stability in the struc- 

ture. 

(c) Longer life under alternating 

load (fatigue life). 

(1) Shear Strength: It is common 
practice in the aircraft industry for 
joints to be so designed that they are 
loaded in shear, and it will therefore 
be appropriate to make a comparison 
between the shear strength of riveted, 
spotwelded and bonded joints. 

A lap joint, consisting of two 1-mm 
“Dural” sheets with a 13 mm overlap 
and a spacing between rivets of 15 
mm, has an average strength of 1.44 
kg per mm joint area when rivets of 
i-mm diameter are used. A lap joint 
with rivets, sheets and spacing of the 
same dimensions, but with a 32 mm 
overlap and three rows of rivets, has 
an average shear strength of 1.76 kg 
per sq mm. 

In joints of the same dimensions, 
but with rivets replaced by spotwelds, 
shear strengths of 0.72 kg per sq mm 
and 0.88 kg per sq mm are ob 
tainable. 

If, however, 1-mm “Dural” sheets 
with 13-mm overlap are bonded to- 
gether by means of hot-setting adhes- 
ives, shear strengths of the order of 
2.8 kg per sq mm are obtained. 

As far as static strength is con 
cerned, bonded joints compare well 
with riveted or spotwelded structures. 

(2) Stability: An adhesive provides 
a continuous bond over the entire 
surface areas of the components 
joined and thns imparts a higher de- 
gree of stability than riveting, which 
causes the load to he concentrated at 
certain focal points. In a riveted ioint. 
both components must be sufficiently 
stable to bear this concentrated load- 
ing, whereas. with bonding, th= load 
is spread uniformly via the adhesive 
layer over the whole of the bonded 
area. With a bonding process. more- 
over, it is significant that each com 
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A WORKING GIANT 


a 


If your product calls for a motor that will do a big job in a 
small amount of working space, Hoover has what you're 
looking for. 

Starting torque to spin hard-to-start machinery into action 
without strain or vibration. Running torque to Carty a steady or 
varying load smoothly—with reserve power to spare. And 
stamina to take the grind of long operating cycles or the daily 
punishment of frequent starts and stops. 

Fully self-cooled as they run, and engineered to do away 
with drag or friction, Hoover Motors stay cool, quiet, reli- 
able. Economical, too. Each watt of electricity gives its most 
in usable power. 

And service? When it’s needed, where it’s needed. Hoover's 
service facilities are world-wide—always ready to protect your 


customers and to guard your good name. 


THE HOOVER COMPANY 
Kingston-Conley Division 
102 Brook Avenue North Plainfield, New Jersey 
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in a small package 


Hoover. 


electric 
motors 


since 1934 





Among Hoover's general purpose 


motors, there are models that give 


you a widely varied choice of 


Capacitor-Start, Split-Phase and Poly- 
Phase Motor 

In pectal-purpose motors too, 
there probably are Hoovers that 
will meet yur specifications “as 
iS including models tor pumps, 
oil burners fans and ower>rs 

Ask your distrit r full in 
formation, or write us direct. 
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You have the right “angle” when you 
select ELECTRA-GEARMOTORS (Right 
Angle Type) because you get mount- 
ing convenience, dependable service 
and economy...plus light weight. 


RIGHT-HAND, LEFT-HAND 
OR DOUBLE-END SHAFTS 


Right Angle Worm Gear Type avail- 
able in Y4 to 3 H.P., with speed range 
from 16 R.P.M. to 288 R.P.M. Right 
Angle Combination Single Helical and 
Single Worm Gear Type available in 
% to 1 H.P., with speeds from 4 
R.P.M. to 43 R.P.M. 


PROVED IN MANY 
DIFFERENT INSTALLATIONS 


ELECTRA Right Angle Type Gearmo- 
tors are used in hundreds of different 
applications ...on mixing and grind- 
ing machinery, machine tools, food 
machinery, conveyors and many other 
kinds of equipment to save weight, 
for attractive appearance and trouble- 
free performance. 


a 


WRITE FOR BULLETIN 400 
WHICH GIVES BASIC ENGINEERING DATA 


_—_@—_____. 


REPRESENTATIVES IN PRINCIPAL CITIES 
NATION-WIDE DISTRIBUTION AND SERVICE 
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Engineering Abstracts continued 


ponent supports the other through thi 
medium ot the adhesive layer. 

Fatigue Life. In recent years it has 
become clear that aircraft structures 
must often be of excessive dimen- 
sions so tar as static loading is con- 
cerned in order that their life may be 
sufficiently long when they are sub- 
jected to dynamic loads. Numerous 
fatigue tests have proved that the 
absence ol concentrations in 
bonded joints offers a great advantage 
over riveting and spotwelding meth- 
ods. The Consolidated Vultee Air- 
craft Corporation made use of this 
characteristic on an extensive scale 
by using “Metlbond’ in their ten-- 
engined B-36 bomber aircraft. Here, 
in the course of preliminary tests on 
a given structure, the fatigue life using 
(a) spotwelding, (b) riveting, (c) 
‘Metlbond’, was shown to be 12 x 108, 
18x10 and 24x107 respec- 
tively. 

The Bristol Aeroplane Company 
joined skin panels on an airtight box 
in which pressure was alternated be- 
tween positive and negative. On the 
0.7-mm panels, L-stiffeners were at- 
tached either by means of riveting or 
by ‘Redux.’ The riveted specimen 
failed after 0.3x 10° pressure cycles 
as a result of cracks emanating from 
the rivet holes. The ‘Redux’-bonded 
specimen failed after 4.5 x 10® cycles, 
due to combined stiffner and sheet 
failure. 

These tests tend to confirm that the 
use of bonded joints may lead to a 
reduction of the unladen weight of an 
aircraft which, in turn, favours 
greater economy of operation. This 
economic advantage is strengthened by 
a further characteristic of the bondine 
method, the capacity to produce skin 
surfaces of exceptional smoothness 
and thus achieve lower aerodynamic 
resistance without the disadvantage of 
increase in weight. 

The application of metal bondine 
in aircraft structures offers many 
advantages, but the careful control 
needed for operating the process re- 
quires trained man-power. In Holland, 
where the aircraft industry has always 
had available a larger proportion of 
skilled workers than could be found in 
other countries, extensive use of metal 
bonding will prove advantageous. 
This however, remains true only so 
long as bonded structures are designed 
as such. 

Finally, grateful acknowledgments 
are due to the Nederlands Institut 


stress 


cyc les 


voor Vliegtuigontwikkeling, where the 
significance of the new developments 
has been appreciated and where facili- 
ties have been made available for a 
detailed study of the subject 


GAST rotary 


air compressors 


ATOMIZE FUEL 
OIL UNIFORMLY 


yay tat yl ae 
Steam Generators 
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Left — Gast Model 
2065 used on 100 
H.P. unit. 


PROBLEM: Select a compressor to 
supply uniform, pulseless air volume 
for atomizing fuel oil in the combus- 
tion chamber of Orr & Sembower 
“Powermaster” Boilers. 

SOLUTION: Three sizes of Gast Ro- 
tary Air Compressors proved excel- 
lent for boilers of 50, 100 and 150 
H.P. Gast Rotary Vane Design deliv- 
ers positive, pulseless pressures from 
18 to 22 psi and displacements to 22 
cfm — without a bulky pressure tank. 


RESULT: Positive air volume pulver- 
izes every droplet of fuel oil. Long, 
trouble-free performance results from 
ball-bearing compressors with auto- 
matic lubricator, intake filter, cooling 
fins and fans. 


ONCE AGAIN you can see how Gast 
Rotaries — plus concentrated experi- 
ence with air power, low vacuum and 
pressure — helped solve a specific 
problem. Have you considered the 
advantages of Gast Rotaries on your 
product? Write us, outlining your 
problem — you'll receive prompt co- 
operation. “Air may be your Answer!” 
Gast Application Ideas 
Booklet — showing 26 
design problems solved 
— sent upon request. 





Original Equipment Manufacturers 
for Over 30 Years 





AIR MOTORS - COMPRESSORS - VACUUM PUMPS 


(1 Tet HP (10 30 18.) (to 28 imcwes) 
GAST MANUFACTURING CORP., ISO Hiakley St., Benton Harbor, Mich. 


Propuct ENGINEERING — OcTosBer, 1952 


-a 













No. Two of a Series 





pioneers in precision 


Westinghouse Electric Corporation 




























engineers pioneered in the early 
i development of electric motor control 
devices. The application of ball 
bearings to watthour meters was first 
introduced at Westinghouse. 

Modern precision motor controls are 
the ultimate development of these 


early applications. 










je! 
00 
to Miniature Precision Bearings are produced by the originators and pioncer 
ne developers of these bearings since 1919. Practically every new concept in 
iS- 
er this field has been initially explored by MPB designers and engineers. 
i More than 120 types and sizes are regularly supplied in 10 design 
>|- series, ranging from 1/10” o.d. MPB ballbearings are fully ground, lapped, 
50 i wal i i 
k; honed and/or burnished to ABEC 5 tolerances or better. Exclusive, exacting 
r finish and inspection details assure highest quality bearings—torque tested, 
k. ultrasonicly cleaned, supplied in specific clearances and graded within the 
= tolerance, for prompt assembly and maximum service. 
g. 
m i MPB ball bearings are indicated for many unusual operating applica- 
O- à o ; ‘ 
g i tions—extreme temperature—shock—continuous high load capacity. Further 
i and more detailed information is readily available thru a complete engineer- 
st į ‘ ° Pe 
rie i ing service. Write for catalog—survey sheet PE10. 
id 
ic 
ye f e . . . 
- | Quality conscious user demand has continued to strain our 
ig production facilities. Our appreciation of this faith prompted 
ur | an extensive expansion, the final phases of which we are 
o- i presently completing. Newest exclusive processes too, will soon 
y enable us to serve you better than ever 
. + . . B - 
iniature precision Bearings 
Incorporated = Keene, New Hampshire 
MPA 
m OT 
save 
. 99 
“Pioneer Precisionists to the World’s foremost Instrument Manufacturers space 
ars weight 
g 
mich friction 
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GASOLINE 
TaS 


CTT aa 


be a 


Wade 
FACTORY 


SUPERVISED 
SERVICE 





Preferred power on sewer cleaning machines and related equipment — the 
world’s most widely used single-cylinder gasoline engines on machines, tools, 
appliances used by municipalities, industry, construction, railroads, oil 

fields, and on equipment for farms and farm homes. 





G ahead in design, performance, value — 

Briggs & Stratton single-cylinder, 4-cycle, air-cooled 

gasoline engines are preferred whenever dependable 
air-cooled power is required. Briggs & Stratton 


Corporation, Milwaukee 1, Wisconsin, U.S.A. 


In the automotive field Briggs & Stratton is the recognized leader 
and world’s largest producer of locks, keys and related equipment. 
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Finishing Metal Products 
the Editor: 


I have been searching for a manual 
or book covering “Mechanical and 
Chemical Finishing” of metals and 
alloys. I do not know the actual namı 
of such a book, but I felt that you 
could assist me in securing an authen 
tic up-to-date handbook. 

We are engaged in the manufactur: 
of airborne instruments, and specifi 
breakdowns on techniques, relativ 
costs, hazards and limitations on such 
progresses as: Irridate, Alumalite 
Pentrate, Dulite, Alrok, Black Oxid 
(and all others recommended for Air 
Force installations) would be desir 
able. C. B. HOLMES 

Lear, Inc 


Ed—The best book on the subject of 
metal finishing with which I am 
familiar is entitled ‘Finishing Metal 
Products” by Simonds and Bregman, 
published by McGraw-Hill Book Com 
pany. This book, now in its second 
edition, sells for $4.00 

It has sections on the standard fin- 
ishing methods, and also describes 
many of the special processes 


Patent Difficulties 
To the Editor 


I am an old subscriber and greatly 
appreciate the vast good that you have 
done for us thru your valuable pub 
lication. At this time, I am giving to 
you a tip about an opportunity to do 
us even more good thru your pages 

The President just signed into law 
a new sct of regulations that will gov- 
ern the U.S. Patent office. 

A Flash of Genius will no longer 
be required before you can be granted 
a patent. This makes it possible to 
obtain a patent after long toil and ex- 
perimentation. 

In 1941 Justice Wm. O. Douglas 
declared that an invention had to b 
the result of a ‘Flash of Genius and 
not merely the result of the skill and 
experience of the calling” to be worthy 
of patent. 

In June 1948 I sold a pilot model 
of a room cooling fan to a fan manu- 
facturer. The fan was new, very beau- 
tiful to look at, distinctive, quiet, and 
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pai The problem: 


and 
and to insulate a 5 kilovolt, 1500 ampere bus 
am bar installation 
you 
hen Recently I-T-E Circuit Breaker Company of Philadelphia 
had the problem of completely insulating 5 kilovolt, 1500 
ctur ampere 3 phase bus bar units for an Atomic Energy Com- 
rm mission installation. It was simple enough to insulate the 
am bus bars with oval Phenolite tubing. But, to completely 
alite insulate the bus supports and expansion joints was a real 
xidi problem. I-T-E’s engineers showed us what they wanted... 
Air postformed Phenolite insulating covers ... drawn deeper 
esir than anything we had ever attempted. Our engineers 
MES 
a | tackled the problem. 
t of | a 
am | The solution: 
fetal f 
nan, Phenolite Grade X-114A postforming ma- 
see terial and National’s technical “know 
how” in the design of forming dies 
bo Perhaps your problem doesn’t involve the insulation of 
5 KV, 1500 ampere bus bars. But maybe you have an insu- 
lating problem where National can give you some real 
help in solving how to do your certain job economically. 
Write us, our engineering service is immediately available. 
vatly 
have National Laminated Plastics 
pub nationally known—nationally accepted 
g to 
» do 


LECS 0 
law i EN 


POV “| astic 
raminates 


anger The perfect insulation material for high and 

nted low voltage applications, Phenolite possesses 

> to an unusual combination of properties. It has 

| ex great mechanical strength and high resistance 

to moisture; ready machinability: is about 

glas one-half the weight of aluminum. Standard 

3 b colors are natural, black, chocolate; mirror, 

and semi-gloss and dull finishes. Sheets, Rods, 

) Tubes, Special Shapes. 

and 

rthy 

= | National Vulcanized Fibre Company 
e 

anu- i Wilmington Delaware 

cau i 

and Offices in Principal Cities 





Since 1873 
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BY\ANY STANDARD... 


ADEL Refinements assure Plus 
Performance for Your Equipment 


Designers and Engineers 

have set these standards for 

Industrial Hydraulic Equipment 
Rugged simplicity * Long life * Simplification 
of piping * Reduced installation costs * Greater 


accessibility for maintenance * Completeness 
of line * Over-all economy 


ADEL brings them all to you! 


Smooth economical hydraulic power 
for Pushing, Pulling, Lifting, 
Pressing, Clamping and Controlling. 


Illustrated are but a few of a wide variety 
of ADEL industrial hydraulic control 
equipment that offer definite benefits to 
both the user and builder of machine tools 
and many other kinds of equipment. 
ADEL products incorporate proven 
design and precision construction features 
that assure dependable operating 
efficiency over the years. A complete 
line for every application. 
You can simplify your Hydraulic Power 
Motion Problems by specifying ADEL. 


A FEW SELECT TERRITORIES 
ARE STILL AVAILABLE TO 
PROGRESSIVE DISTRIBUTORS 
OF INDUSTRIAL HYDRAULIC 
CONTROL EQUIPMENT. 
INQUIRIES INVITED. 


For complete engineering 
specifications and counsel, 
Address: ADEL DIVISION, 
GENERAL METALS CORPORATION, 
10767 Van Owen Street, 
Burbank, California 


DIVISION OF GENERAL 
CORPORATION - Burbank, Calif. 


DISTRIBUTORS: AIR & HYDRAULIC ENGINEERING CO. NEW HAVEN, CONN. + RUSS CHAMBERLIN COMPANY, 
PORTLAND, OREGON + j. BOYD COATES, PHILADELPHIA, PA. + FRANK T. DONNELLY COMPANY, PITTSBURGH, PA. 
HASKEL ENGINEERING & SUPPLY CO., SAN FRANCISCO, CALIF. è HASKEL ENGINEERING & SUPPLY CO., 
GLENDALE, CAUF. © HYDRAUUC BRAKE SUPPLY CO., PHOENIX, ARIZ. © UNCOLN SUPPLY CO., PROVIDENCE, 
R. |. © SCOTT EQUIPMENT AND ENGINEERING COMPANY, DAYTON, OHIO © H. F. SODERUNG CO., 
SEATTLE, WASH, * ROBERT TAYLOR & SONS, SALT LAKE CITY, UTAH + WYATT SALES COMPANY, CLEVELAND, 
OHIO + CORBY SUPPLY COMPANY, ST. LOUIS, MO. © INDUSTRIAL AIR & HYDRAULIC EQUIPMENT CO. 
DETROIT, MICH. * HYDRAQUIP CORPORATION, BOUSTON, TEX. 
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Our Readers Say continue: 


| had great air throwing power. I als 
| sold to him, for a small royalty, what 


ever patent rights the Patent Offic 
might grant to me in a patent to be 
obtained by him in my name. In 195! 
some 10,500 of the fans were made 
and sold with complete satisfaction ; 
this year, 1952, fully twice as many 
should be sold. In July 1952, this 
manufacturer told me that no patent 
could be had, and for that reason he 
would cease to pay me any mor 
royalties. 

The fan design is very good, the 
manufacturer's tools are made, and he 
will keep on selling same and deprive 
me of any return for the years of work 
that I put into that creation. 

The ideas and experimentation that 
made that fan possible are the result 
of over 20 years of research in fan 
engineering, fan development work, 
and air flow study, and about which 
the said manufacturer or any of his 
employees know practically nothing 

Because the law has just been 
changed in regard to this “Flash of 
Genius” requirement, and about 
which I never could get a full under- 
standing, I want to ask a very im- 
portant question. 

Would I now be entitled to make 
a new application for patent on my 
room cooling fan, now in production 
by this manufacturer, so that I could 
now obtain a patent that is my just 
due? 

With the patent accomplished, I 
could look forward to receiving the 
very small royalty of ten cents each 
for the life of the patent. 

The fact that I am now 65 years 
old, receive some social security, and 
am in great need of these royalties 
just to pay bare living costs, has of 
course no standing in court, even 
though it is of the greatest importance 
to my wife and to myself. 

Another very important question I 
want discussed. Does the Patent Office 
have the right to dig up even foreign 
patents that are taken out for water 
turbines and water wheels, and pick 
out from them foil shanes that look 
like mine, and say that they might be 
applied for air use and in so doing 
cancel out my development in fans for 
air flow fans? 

My development is new and basic, 
and the result of years of study look- 
ing for the answer that I have ob- 
tained. In years gone by I have been 
granted over 20 patents and sold al- 
most all of them. 

—CHARLEsS P. GRIMES 


Ed—Your letters are always interest- 
ing and inspiring. We have been giv- 
ing some thought to an article on th 
new status of patents and inventions 
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Send for your copy 
of ovr 20 page 
illustrated catalog 
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VELVAGLAZE 


LCO 
_shenpapeiape Regen TE 


VAGLAZED 
ONARCH VEL 
RT, MOLD CASTING 


UNDER GRILLING USE 





Cooking surfaces have greater sales appeal when 
finished with Velvaglaze. The hard, dense Velvaglaze 
finish resists staining from continued cooking action 
and frequent cleaning. 


Velvaglaze is exclusively available on Monarch alu- 
minum Permanent Mold and aluminum Diecastings. 
It is one of the complete range of finishing methods 
available on Monarch castings. Velvaglaze cuts fin- 
ishing costs and improves product quality. 






WRITE FOR THE 
VELVAGLAZE STORY 
“GOOD NEWS” 


lt could provide the answers to 
many of your finishing problems. 


\ pent EtG 
ace ate Detroit Ave. at W. 93rd St., Cleveland 2, Ohio 
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and your letter brings the miaticr 
a head. 

With reference to your experienc. 
with the fan manufacturer, I am ni 
in a position to pass judgment, but o 
the basis of the information contain« 
in your letter, it appears to me tha 
the fan manufacturer was unfair. Yo 
gave him the idea, he is manufactt 
ing the product on the basis of you 
design, and he therefore is indebtc 
to you for the development of thi 
product. 

With reference to the question < 
to whether you can now make anoth« 
patent application on a room coolin 
fan, I am sorry that I can give yo. 
no advice. The patent laws are si 
technical that it requires a specialist i: 
that field to answer your question. 

With regard to the second fro: 
last paragraph of your letter, it doesn’! 
seem correct that the Patent Offic 
should use foreign patents relating to 
and concerning liquids and apply that 
reasoning to gas. Although water and 
air are both fluids, they are entirely 
different in every respect. The dynan 
ics that apply to liquid processes do 


not apply to gaseous processes. 


Wants Details on 
Hydro-Forming 


To the Editor: 

We are interested in the new proc 
css known as hydro-forming, and 
would appreciate it greatly if you 
would send us details regarding same 

—Myron X. FELD 
American Technion Societ) 


Ed—In answer to your inquiry con- 
cerning the new process known as 
hydro-forming, we do not have this 
information here at PRODUCT ENGI- 
NEERING. We suggest, however, that 
you contact the following company, 
which doubtless can supply you with 
details: Mr. Walter Kauders, Public- 
ity Manager, Hydropress, Inc., 201 E 
56th St., New York 22, N. Y 


High Speed Bearings 


To the Editor: 

In a search for suitable bearings for 
small spindles rotating at very high 
speeds (50,000 rpm and higher), our 
attention has been attracted to air 
bearings. Consequently, it would be 
appreciated if you could supply us 
with some source of information on 
any articles or papers on the subject 
of air bearings. —CHARLEs L. BABB 

Buckeye Tools Corp. 


Ed—-I am forwarding to you threc 


Propuct ENcIneerinc — Ocrtoser, 1952 





St hae a td 





pinata AY shea meee 





re THERE IS NO OTHER 


















3 
i 
renc, i 
m n i g 
>| FASTENER LIKE THIS 
taine ; e 
e tha 
r. Yo | 
facti 
f you le YOU are one of those people who believes a cotter pin 
debts is the only way to hold anything positively on a bolt you will be 
f thi surprised at tests made on Security Locknuts. Authoritative tests 
, have proved Security Locknuts practically vibration proof. 
ton Security Locknuts stay “put” where you wrench them even in 
noth« the face of vibration that destroys the bolt. They permit accurate 
oolin; i i adjustments with a torque wrench. They are complete as a unit. 
fe yor i i There is nothing to line up. Installation involves only one 
Ie s i ) operation and there are no holes to weaken the bolt or stud 
list ii Security Nuts can be adjusted and re-adjusted any number 
™ of times but more important, they can be removed and re-used 
fro over and over again without materially losing their locking power 
loesn and without damage to the bolt. We'd like to have you see the 
Oth results of these tests. If you have a vibration or fastener problem. 
a = Security Locknuts are a dependable solution and may save 
y me you money over methods you are now using. 
aaah Security Locknuts are made in 4% in. to 2 in. bolt sizes. 
aoa Ask to see the Security Locknut Tests. 
ynan ’ 
= SECURITY LOCKNUT CORPORATION 
North Ave. and 15th Ave., Melrose Park, Ill. 
proc 
. and 
f you 
same 
FELD 
society 
! con- 
Vn as 
e this 
ENGI- 
, that Fe 
pany, } 
| with 
ublic- ) 
01 E f 
SPECIAL OFFER! 
i Here’s an easy way to arrive at thread tolerance 
j figures. Ask for a Security Thread Tolerance Chart. 
i Just spin the dial and you have the figure you 
| ] need. Send the coupon. It’s yours for the asking. 
gs for | i 
high {F 
), our ee ee ee ery 
i SECURITY LOCKNUT CORPORATION 
O air North Ave. ond 15th Ave., Melrose Pork, III 
Id be Please send me without obligation 
ly us i) One of your Thread Tolerance Charts 
We hove a fastener problem and would like to know more 
n on i Security Locknuts 
ubject eee 
BABB 
Corp. Zone State 
threc 
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SUGGESTED-BRUSH HOLDER 


General Electric Co., 
Test LEM leheola Mell ae tila 
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nn, Mass 


Att: DESIGN ENGINEERING 
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To MIN. WALL 
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The production of a light weight, rugged brush holder for 


use with aircraft generators posed a problem for General Electric. 
They wanted a high-quality, rigid brush holder at reduced cost, 
produced by a process that afforded closer control of tolerances. 


Atlantic was consulted and the recommendations they made on 


the brush holder design provided more than ample strength. The 
Atlantalloy process provided the close tolerances and lower cost. 


Old brush holder designed by General 
Electric for use on aircraft generators. 





WRITE for a copy of “Quality Precision Castings for Industry” on your 
Company letterhead. This booklet explains how the plaster mold 
process cuts production costs, and includes specifications on Atlantic’s 


olloys. 
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New brush holder designed in col 


laboration with Atlantic eng ers ond 


produced by the Plaster Mo! 






CASTING and ENGINEERING CORP. 





Our Readers Say continue: 


articles on the subject of air lubri 
cated bearings which have appeared in 
PRODUCT ENGINEERING within the 
last year. I think that these are the 
only articles on the subject which have 
appeared recently. 

I think that you will find that these 
provide much of the basic information 
you need for possible use of this typ: 
of bearing. 


Pulse Transformers 
lo the Editor: 


We are very interested in learning 
the source of the article in the Tech- 
nical News Section of the July issue on 
the New Pulse transformers developed 
by the National Bureau of Stand- 
ards. Could you give us any informa- 
tion on whom in the Bureau of Stand 
ards we might contact in regard to the 
new unit? T. E. COALSON 

Electronic Engineering Co 


Ed—You may receive additional in- 
formation by writing to: Mr. Reeves 
Tilley, Manager of Technical Publi- 
cations, National Bureau of Standards, 
Connecticut Ave. at Van Ness St., 
N. W., Washington, D. C. 


Paper Stock Agitator 
To the Editor: 


Could you send me any information 
on the theory of paper stock agitation ? 
I am interested in the spiral backswept 
turbine type of impeller and desire 
information on impeller size, power 
required, and rpm for gentle and con- 
tinuous stock agitation in vertical 
cylindrical chests of 1000-2000 Im- 
perial gallons capacity. 

F. A. TAYELOR 
Letson & Burpee Ltd. 


Vancouver, Canada 


Ed—We suggest you contact the Mix- 
ing Equipment Company, Inc., 135 
Mt. Read Blvd., Rochester 11, New 
York, or the Worthington Machinery 
Corporation, Harrison, New Jersey. 


Wants Old Reprints 
To the Editor: 


We are interested in obtaining 
some reprints of the article “Elec- 
trical Indicating Instruments” by Mr. 
L. F. Parachini which appeared in the 
January, 1947 issue of PRopuct EN- 
GINEERING. We would like to obtain 
about thirty copies of this article if 
reprints are still available. 

Please advise us as the possibilities 
of obtaining these copies. We would 
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Phillips Manufacturing Co 


Your custom 
molder can 


help...with 


@ When light weight calls the turn in 
your selection of materials...and more 
and more it does these days...weight- 
saving is seldom the sole factor. 

Here are four examples that show 
how other manufacturers are obtain- 
ing, in molded phenolics, the light 
weight plus the other characteristics they 
want in large and small units. 

In the air conditioner slinger rings, 
costly machining of the material for- 
merly used was eliminated ...the Durez 
molding is pre-balanced in the mold. 
Being self-insulating, the fan housing 
needs no separate insulation. The floor- 
polisher hood is lasting protection 
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PHENOLIC PLASTICS THAT FIT THE JOB 


Wont some new d on 


FLOOR POLISHER 
HOOD 
tla ompany, Inc 


AIR CONDITIONER 
PARTS 
York Corporation 


LANDING 

LIGHT MOTOR 
HOUSING 

Grimes Manufacturin 


against dirt and moisture, absorbs 
mechanical shocks without nicking or 
scratching 

Cost is held down in aircraft landing 
light parts by molding-in all flanges 
holes, ribs, and metal inserts. The 
soldering tool housing resists heat, is 
safe and comfortable to use. 

Production economies, Savings in 
shipping costs, and user benefits are 
all at your command in those most 
versatile of all plastics...the phenolics 
All along these lines new ideas await 
your investigation. Talk with your 
Durez molder...or with our technical 
staff. 















MOLDING COMPOUNDS 
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INDUSTRIAL RESINS 
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PROTECTIVE COATING RESINS 
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LEBANON 


Castings 


in Stainless 
and Special Alloys... 


require Control 
in Melting 








Arc or induction melting at 
Lebanon Steel Foundry is an ex- 
acting process, for a heat must 
duplicate precisely the material 
composition required. Electric 
melting is but one of many 
production procedures rigidly 
followed by Lebanon craftsmen 
that result in CIRCLE © cast- 


ings of controlled high quality. 


LEBANON STEEL FOUNDRY 
Lebanon, Pennsylvania 
"in the Lebanon Valley” 


LEBANON 


Steel and 
Alloy Steel 





Our Readers Say . .continued 
be agreeable to paying a nominal 
charge if required to obtain thes 
copies. 

In the event that you do not havc 
reprints available and know wherc 
copies can be obtained, we would 
appreciate your advising us. 

—H. B. WHITAKER 
Underwriters’ Laboratories Inc. 


Ed—I am sorry to say that we do not 
have additional copies of the article 
“Electrical Indicating Instruments” 
which appeared in our January 1947 
issue. We can supply you with 100 
reprints, which is our minimum num- 
ber, done photo-offset for $50. 

Unfortunately, that is the best price 
we could work out on this particular 
article, since it is an odd-sized 9-page 
piece and would require a tipped-in 
sheet on a standard 8 pages. Also, in 
quantities as small as this, the pricc 
is always high. 

If you can do better with your own 
printer, we shall be glad to extend 
to you permission to offset this onc 
article for your own use 


Foreign Source of SiO 


To the Editor 

In the May 1952 issue of PRopuct 
ENGINEERING, page 304, a Mr. Julian 
B. Pinto asked for SiO. 

Please inform me, so that I can get 
him SiO from Germany, which is suit- 
able for the intended purpose. He 
should contact me 

KARL-JOSEF LAIB 
Luningstr. 43 
(21b) Lippstadt, German) 


ERRATA 


July 1952, page 121. Selecting Motor- 
Mounted Magnetic Brakes. Top of 
first column—"‘exceeds four to six per 
hour” should read “four to six per 


minute.” Page 123, middle of third 
column—"removal of brake power” 
should read “removal of motor 
power.” 


July 1952, page 175. Fine-Pitch Gear 
Drawing Data Required to Assure 
Ouality. Bottom of first column 
70.09945" should read 0.9945.” 


August 1952, page 159. Converting 
Decimal Fractions to Actual Gear 
Rate Equation (13) should read 
(b+-d)—b(a+c) =—Vv. Right hand 
olumn, second fraction should be 
0.528302 
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FOR COOLANTS 
LUBRICANTS AND 
ABRASIVE LIQUIDS 


PUMPS 


POSITIVE DISPLACEMENT 
AND 
IMPELLER TYPES 


ALe 


oo ©. SIARSRRVUS 
OR DIRECT 
MOTOR CONNECTED 


TLN 


DEPENDABLE, 
ECONOMICAL, EFFICIENT 


STANDARD OR SPECIAL, 
FOR EVERY MACHINE TOOL 
AND INDUSTRIAL USE 


& MANUFACTURING CO., INC. 


19664 JOHN R STREET 
DETROIT 3 MICHIGAN 


WRITE FOR CATALOG 
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CUP PACKINGS 


Made of leather or rubber. Installed on 
piston head or backing plate. Sealing lip 
and outer side wall form dynamic seal on 
cylinder wall. Follower plate forms com- 
pression seal on bottom of cup. Expanders 
adaptable when needed. 


V-PACKINGS 
Made of leather or rubber. A complete 
mechanical seal, preferably installed in sets 
in a recess on cylinder wall or piston head. 
Sealing areas or “‘stack height” (the area 
at ends of inside and outside legs) form 
dynamic seal inside and outside. Male 
and female adapter rings required, metal 
preferred. No expanders are needed but 
spring tension is sometimes employed. 


ae s 


i 


There’s a right packings for every installation. 
and promote long, trouble-free service. 


Choose the right one 
Select the wrong one and 


suffer production delays, costly servicing, loss of good will. 


ings specialists 


your installation. 






FLANGE PACKINGS 


Made of leather or rubber. Installed in 
recess around a rotating or reciprocating 
shaft. Sealing lips and inner side wall 
form dynamic seal on shaft. Gland nose 
forms compression seal on flange. Expand- 
ers adaptable when needed. 





O-RINGS 
Made of rubber. Self-sealing from either 
direction. Excellent for pressures under 
1500 psi; used with pressures up to 3000 
psi when engineered properly. Installed 
in a small recess in wall or piston head; 
also as a static seal. High finish and exact 
fits required for all parts that contact an 
O-Ring Packing. 


SPECIAL PACKINGS TYPES 


G&K-INTERNATIONAL also makes many special forms such as GASKETS, 
BELLOWS, DIAPHRAGMS, SPECIAL SEALING RINGS, etc. These are 
made of leather or rubber. They are produced only to customer's specifications 






ESTAB. 


-INTERNATIONAL 
. Leather and synthetic packings 


Address correspondence to 


Illustrated and described below are the types available 


Bring your packings needs to GaK-INTERNATIONAL, the pack- 
- where the entire plant and personnel are devoted 
solely to the design, engineering and manufacture of packings. Let 
these experts apply their years of experience, their acquired skills, 
their modern equipment in helping you choose the right packings for 


U-PACKINGS 


Made of leather or rubber. 
mechanical seal installed in recess on cylin- 


A completely 


der wall or piston head. Sealing lips and 
side walls form dynamic seal inside and 
outside. Pedestal ring or filler required 
for best service. Expanders also adapta- 
ble when needed. 


OIL SEALS 


Made of leather or rubber, usually in- 
corporating a metal case or supporting 
ring. Installed around a rotating or re 
ciprocating shaft to retain or exclude fluids, 
semi-fluids, dust, dirt, etc. Provides sin- 
gle and multiple sealing lips. Oil Seals 
are generally made to exact specifications 
to meet specific requirements. 


FREE 
NEW O-RING BOOKLET 


16 pages of illustrations, 
application data and 
specification charts, 
Shows what and how to 
order if you wish the most 
efficient application to 
your own installation 
Write for your copy 


185) 
GRATON & KNIGHT COMPANY ee INTERNATIONAL PACKINGS CORPORATION 
en Bristol, New Hampshire 


Worcester 4, Mass. 
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SS oa Simple construction, fewer parts make as- 
|= sembly and disassembly easy — also mean 
: longer life. 


CURTIS universat Joints 


P s 
= Simple construction is not the whole story. 
` A combination of modern design, wise choice 
x of alloy steels, with a special heat treatment 
for each part, give greater strength with less 
weight. And you can depend on Curtis cata- 
log ratings — they are based on hundreds 
of actual tests. 


ONLY CURTIS OFFERS ALL THESE ADVANTAGES 
Availability — 14 sizes always in stock. 
Simplicity — fewer parts, simpler construction. 









the only 








Universal Joint 
with the Government Tests — complete equipment for govern- 
= ment tests in our plant. 
f j Write today for free engineering 
} aj C data and price list 


CURTIS UNIVERSAL JOINT CO., INC. 


11 BIRNIE AVENUE SPRINGFIELD, MASS. 
As near to you as your telephone 


yA “Teltale T Lock Ring Æ 


(patented) 





“JUST RIGHT” HARDNESS... SURFACE FINISHED FOR 
SLIP RINGS AND COMMUTATOR BARS 


NEY #90 Alloy, overcomes many of the disadvantages of coin silver when used 
in slip ring and commutator bar applications. Actually a modification of coin 
silver, NEY #90 is subjected to a carefully controlled processing that produces a 
uniform hardness of 120-130 Brinell which has been found best for slip ring type 
applications. Since performance is also markedly influenced by surface condition, 
especially when brush pressure must be low, NEY #90 Alloy rings are given 
a specially developed finish that greatly reduces wear and electrical noise. NEY 
#90 Alloy is available in seamless tubing in all sizes up to 4” O. D., also in the 
form of plate, rod, wire and fabricated parts. 


Write for your copy of new Ney Data Book, “NEY PRECIOUS METALS 
FOR NON-CORROSIVE WEAR-RESISTANT PARTS.” (Bulletin R-12) 


THE J. M. NEY COMPANY, 109 Elm Street, Hartford 1, Connecticut 
SPECIALISTS IN PRECIOUS METAL METALLURGY SINCE 1812. 





NEW BOOKS 





Practical Descriptive Geometry 


HıraM E. GRANT; Head of the De 
partment of Engineering Drawin: 
Washington University. 253 page 
6x9 in. Published by The McGrau 
Hill Book Co., 330 West 42nd Sz. 
New York 36, N. Y. $4. 


This textbook correlates and inte 
grates theory and practice instead o! 
considering each a separate entity. The 
author is well aware that practical 
problems, because of the nature of 
their given information, frequentlv 
cannot be solved without considerable 
difficulty if an attempt is made to de- 
rive their solutions by using the tvvi- 
cal theoretical approach. Components 
of the machine control the practical 
problem’s given information. For ex- 
emple, a theoretical problem normally 
asks that a line be drawn tangent to a 
given parabola, while a practical prob- 
lem asks that a parabola be drawn 
tangent to a given line. 

Since accuracy is a vital part of 


| drafting, the text devotes a chapter to 


it. Here are discussed the errors which 
on occasion become magnified and 
that may yield results which may be 
far from correct. The errors discussed 
are those that are produced by inac- 
curate drafting equipment, width of 
line, intersection of projection lines, 


| sizes of arcs and circles, and directions 
| of lines through points. The purpose 


of this chapter is to call attention to 


| the possibilities and the magnitudes 


of the inaccuracies. 

Problems are not included in this 
text, since a special set of problems 
entitled Practical Descriptive Geometry 
Problems has been designed for use 
with this book. 


The Million Dollar 
Lecture and Letters to 
Former Students 


ERWIN HASKELL SCHELL, Professor, 
Massachusetts Institute of Technology, 
6 x 9 in., 177 pp, Published by Mc- 
Graw-Hill Book Co., Inc., 330 West 
42 St., New York 36, N. Y., $3. 

An informative and practical book, 
The Million Dollar Lecture shows the 
many a for self-improve- 
ment and points out the difficulties 
faced by young men just starting a 
career. The author discusses the causes 
behind such pitfalls as impatience, 
overambition, and indirection, and 
gives advice on the many difficulties 
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"Yes, my boy, this all started after 
| clipped a coupon for a book on 
Die Castings by Hoover.” 
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se Here’s a free book that shows how many a good prec ision by whit h Hoover Die í astings ire produced, 
to , 
les product has been made better, many a new product And next to a call by a Hoover engineer, it’s the 
has been given a head start—countless products best way of telling you about the many extra services 
= have been made more efficient and costs cut .’. . with you can expect from Hoover—from original engi- 
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ry Hoover Die Castings of aluminum and zine. neering design through delivery of the finished | 
e Next to an actual conducted tour through the castings to your plant. ? 
Hoover Company factory, this is the best way we Just clip this coupon and mail it today. You'll want ) 
know of showing you—step by step—the controlled to make this booklet a part of your permanent file 
THE HOOVER COMPANY 
i Die Castings Division, North Canton, Ohio 
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Spur—bevel—spiral—Zerol—worms 
and worm gears—racks—sprockets. 
All are precision cut on up-to-the- 
minute equipment exactly to your 
specifications. No limitation on gear 
sizes. Prompt quotation upon receipt 
of your sample or blueprint. 


STOCK SPROCKET CATALOG ON REQUEST 


E. B. SEWALL MANUFACTURING CO. 


my O96 Glendale St. St. Paul 4, Minn. 


Let Strom Help You 


Not only in precision ball bearings, but 


metal balls for over 25 years for all 


in countless other places, Strom has 
found that the right ball will do the 
job better. Maybe your problem can 
be solved with the use of the proper 
ball. Why not take it up with Strom. 


Strom has been making precision 


294 


industry and can be a big help to you 
in selecting the right ball for any of 
your requirements. In size and spher- 
ical accuracy, perfection of surface, 
uniformity and dependable physical 
quality, there’s not a better ball made. 
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New Books 


continue 


that go with the first cr 
industry. 

Divided into three parts, the fı 
section is devoted to the lecture an 
such topics as: the resource of habit 
the resource of friendship; tne 1 
source of cooperativeness; the re 
source of incentives; and hazards o 
the present and future. 

The second part covers the commen 
tarics on the lecture. 

Part Three is devoted to his letter 
to former students, and covers suc! 
points as: administration as a career 
the nature of administration; the roa 
to administration; the demands of ad 
ministration; recreation and recup-ra 
tion; stimulus for action; problems 
without solution; guides to accom 
plishment; new contours of leader 
ship; key factor; and living with our 
selves. 

The message is to men who have o: 
will have responsible positions in thi 
industrial future of the country. The 
author urges a philosophy of lifc 
and presents a philosophy of business 
administration, “Administration is, at 
bottom, the maintenance of mutual ad 
vantages for all the human interests 
either directly or indirectly involved 
in a man-made enterprise.” 


ployment 


Electrical Drafting and Design 


CALVIN C. BISHOP, Third Edition, 267 
pp, 6x9 in. Published by McGrau 
Hill Book Co., Inc., 330 West 42 St., 
New York 36, N. Y. $4.50. 


This book is aimed at the person 
who plans to enter the field of elec- 
trical design. It covers the following 
items: general instructions for mechan- 
ical and electrical drafting; use of 
symbols, alternating- and direct- 
current circuits shown by symbols, and 
typical complete diagrams; metal-clad 
designs, circuit diagrams, layouts and 
bills of materials for a direct-current 
generator switchboard; modern metal- 
clad construction of a switchboard for 
2.300 v service; design of an outdoor 
station; residence wiring; layout of 
wiring; illumination engineering, lay- 
out, and wiring; design of industrial 
| nlant wiring; and an appendix includ- 
| ing appropriate tables and charts. 

It was found that while the schools 
| taught good courses in mechanical 
drafting, and while graduates could 
turn out good drawings of parts of 
machinery and many had a good u 

derstanding of electrical apparatus and 
circuits, practically none had trainin? 
in properly showing how drawines 
should be made to convey to the con 
tractor how electrical work is to be 
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That’s the unique SPIN-LOCK Screw. 

Assembly is faster ...there are no extra parts to add, 
no special handling, it can be hopper-fed. Purchasing is 
faster...just one requisition to fill. Inventory-taking 
is faster ...just one part to stock. 

You save all this time because SPIN-LOCK is one piece 
... with exclusive ratchet-like teeth under the head that 
lock into the surface, hold tighter than conventional 
fasteners under vibration. 

SPIN-LOCK is neater (fastens flush) . . . safer (no pro- 
jections) ...easy to drive in hard-to-reach spots. It makes 
excellent electrical contact and is oil- and water-tight 
around the head. 

Hex, pan, truss, flat heads. Write to us or any of the 
companies below for complete data on types and speci- 
fications. 


Teeth of SPIN-LOCK 
Screwtouch bearing 
surface before final 
tightenina. 





Final tightening 
embeds teeth in 
surface, assuring 
positive locking. 


3 
T 
RUSSELL, BURDSALL & WARD BOLT AND NUT CO., Licensor 








U.S. Pat. No. 2,253,241 
The © Tighter, Stronger, Surer Fastener! Port Chester, N. Y. — Rock Falls, III. — Los Angeles 33, Calif. 










UNITED STATES Central Screw Co. The Lamson & Sessions Co. National Lock Company 
Chicago 9, III. Cleveland 2, Ohio Rockford, III. 
Buffalo Bolt Co. Keene, N. H. Birmingham 1, Ala. CANADA 
aoa, Continental Screw Company Chicago 4, III. The Steel Company of Canada, Ltd 
OE. New Bedford, Mass. Scovill Manufacturing Co. Hamilton, Ontario, CANADA 
Camcar Screw & Mfg. Corp. Great Lakes Screw Corp. Waterville Division The Stowell Screw Co., Ltd. 
Rockford, Ill. Chicago 27, Ill. Waterville 48, Conn. Longueuil, Quebec, CANADA 


Propyer bNcineerinc — Ocrosper, 1952 LY 


AN LIBRARIES 


` 


Hil: 


rN ICDOCITY NE RAIC 


t- 


EA? 


Vi 


f 





Leakproof valving of air... 
corrosive materials ... slur- 
ries...solids... volatile and 
viscous substances 


Hills-McCanna Diaphragm Valves can 
eliminate the problems involved in valv- 
ing many of the so-called “hard-to- 
handle” fluids. By employing a simple 
pinch clamp principle, HillsMcCanna 
valves put an end to leakage, repacking 
and contamination. 

Hills-McCanna Valves are available 
handwheel or lever operated or for 
operation by pneumatic or hydraulic 
cylinders, diaphragm motors, electric 
motors, etc. Choice of 14 diaphragm 
materials, 49 body materials. Sizes from 
%" to 14”. Suitable for pressures to 150 
psi., temperatures to 180° F. (higher with 
special materials). Screwed or flanged 
connections 

Write for Catalog V-52, HILLS- 
McCANNA CO., 2444 W. Nelson St., 
Chicago 18, Ill. 


if your product requires 


the valving of 
“hard-to-handle” fluids... 


HILLS-MSCANNA 


diaphragm valves 
provide 


the answer 


THIS SIMPLE PRINCIPLE 
ASSURES POSITIVE 
LEAK TIGHT 
VALVING 





Compressor is raised, lifting dia- 
phragm by means of a stud molded 
into the material. 





= <- 


a I 


Compressor and diaphragm par- 
tially lowered. Compressor design 
guides and supports diaphragm. 


4 


Q 





Compressor presses diaphragm 
tightly against weir, pinching off 
flow and making a tight seal. 


HILLS-MC‘CANNA 


Also Manufacturers of Proportioning Pumps 
Force Feed Lubricators e Magnesium Alloy Castings 


Propucr ENGINEERING 





New Books.. . . Continue 
carried out. This book was written t 
acquaint the student with the method 
of representing electrical wiring famil 
iar to the electrical contractor. 

This edition has been brought up to 
date in accordance with recent ad 
vances in wiring and electrical con 
struction procedures and with the latest 


revision of the National Electrical 
Code. 


Illustrated Petroleum 
Dictionary and Products Manual 


Compiled and edited by the editoriai 
staff of the Petroleum Educational 
Institute, 502 pp, 6x9 in. Published 
by Petroleum Educational Institute. 
9020 Melrose Ave., Los Angeles 46, 
Calif. $8. 


This book has two purposes: First, 
to provide information useful to sell- 
ers, buyers, and consumers of petrol- 
cum products on the subject of prod- 
uct information; and Second, to make 
available a dictionary of terms com- 
monly used in the petroleum, and 
other industries connected with petro- 
leum, its products and the equipment 
utilizing these products. It is prepared 
on an elementary level and is espec- 
ially designed for those who do not 
possess a technical background in 
petroleum. 

To sales personnel, purchasers, and 
consumers of petroleum products, this 
book offers a valuable contribution to 
their knowledge of fundamentals and 
applications of petroleum products. 

Although written in dictionary 
style, it is arranged so that lay per- 
sonnel can acquire an intelligent and 
interesting conversational knowledge 
of petroleum products by merely read- 
ing it. To the student or newcomer 
in the petroleum industry, it offers a 
liberal education of a practical nature 
in petroleum and its many commonly 
used products. 


Practical Calculus 


C. I. PALMER and CLAUDE E. STOUT, 
Prof. of Mathematics and Engineering 
Mechanics, General Motors Institute. 
470 pages, 5x7} in. McGraw-Hill 
Book Co., Inc., 330 W. 42d St., New 
York 36, N. Y. $5. 


This is a standard manual known 
for its practical exposition of cal- 
culus. It explains what calculus is and 
shows how and when it can be used to 
get quicker, easier solutions to many 
mathematical problems encountered in 
industrial and shop work. 

Concentrating on giving the man 
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wings, rollers, 
after fabrication, 


and before and after assembly 
by Atlas. Every part Or piece 
that goes into a length of Atlas Chain is care- 

with the latest scientific 


fully “pre-tested” 
_ rested and rorture-tested again 
a service life. 
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ha rd =to-ha ndle fluids eee This edition hes been beouiie up to 


| date in accordance with recent. ad- 
a S04 is” ' 


. . 
mannaa sn ee sm 






l Leakproof valving of air.. 
corrosive materials ... slur 


ries... solids... volatile an 
: viscous substances 
J 
: Hills-McCanna Diaphragm Valves ca 
` eliminate the problems involved in vals 
~ ing many of the so-called “hard-tc 
2 handle” fluids. By employing @ simpl Ros 
~ pinch clamp principle, HillsMecCann / 


valves put an end to leakage, repackin: 
and contamination. 
` Hills-McCanna Valves are availabl 
> handwheel or lever operated or fo 
> operation by pneumatic or hydrauli: 
cylinders, diaphragm motors, electri: 
motors, etc. Choice of 14 diaphragn 
materials, 49 body materials. Sizes fron 
%" to 14”. Suitable for pressures to 151 
psi., temperatures to 180° F. (higher with 
special materials). Screwed or flangec 
connections. 

Write for Catalog V-52, HILLS 
McCANNA CO., 2444 W. Nelson St. 
Chicago 18, Ill. 


AN LIBRARIES 


`i 
w- 


E 


HANC OCITV NE AICH i 


HILLS-MC%q se 
: _ shows how and when it can be used to 
saunders patent diaphragm valued get quicker, easier solutions to many 
Also Manufacturers of Proportioning Pumps mathematical problems encountered in 
industrial and shop work. 
Force Feed Lubricators + Magnesium Alloy Castings anne Apra 


Concentrating on giving the man 
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urt or piece of metal 
Atlas Chain is care- 
the latest scientific 
4 rorture-tested again 
ı service life. 
ed” longer life built 
as Roller Chain means 
very installation - 
eration. That is why 
; won the name of the 
ain. On drilling 18> 
small power drives ans 
is used Atlas Chain has 


f more service with less 
e that has been 
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install 
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manufacturing 


ym coast to coast, 
Available through lead- 


yughout the nation. W rite 
as handbook and catalog 
tlas Chain & Manufactur- 


hia 24, Pennsylvania. 



























Reuland motors 
















(cut-away 


view) 
FLUID-SHAFT MOTOR 


Provides smooth acceleration 
of heavy loads. More compact 
than separate motor and fluid 
coupling. Perfect alignment! 
Thousands in use on cranes, 
mixers, centrifugals, etc. 



















y 
FLUID-SHAFT MOTOREDUCER 


This Fluid - Shaft motor and 
gear reducer combination con- 
verts the motor’s conventional 


high speed into a slow speed, 
smooth starting, compact unit. 
R Ideal for car pullers, conveyors, 
dryers, etc. 
i of 
i 2 


rrarneseroecityv ANF AAILHIELAN LIBNWANIES 


The only brake that permits 
the use of TWO output shafts 
per motor. When desired, the 
motor shaft can be extended 
right through! Only 6 major 
parts...no levers or linkage... 
self adjusting ... half usual 
length! 












Write for new engineering 
folder on these and other 
exclusive Reuland Products... 
industrial units designed to 

fill the needs of the nation’s leading 
equipment manufacturers! 


REULAND 


ELECTRIC COMPANY 
Alhambra, Colif. Representatives in all principal cities 


FIRST IN QUALITY ... FIRST IN DESION 









300 


















New Books . . Continued 


| 
with little mathematical training a | 


thorough understanding of how cal- | 
culus can be applied to practical prob- | 
lems, the authors avoid involved 
mathematical terminology and phrase- 
ology throughout. ithe explanations 
are as non-technical as possible with- 
out loss of accuracy. The previous edi- 
tion's unified presentation ol ditter- 
entiation and integration is preserved 
in line with modern trends in ine 
tield. Lhe book's emphasis On applica- 
tions, its integrated treatment, is Care- | 
rul presentation ot metnods and | 
meanings, and its well-amplined illus- | 
trations and worked-out examples ali | 


METAL 


COUPLINGS 


FOR POWER TRANSMISSION 
REQUIRE NO MAINTENANCE 


GZTA 





Patented Flexible Disc Rings 
of special steel transmit the 
power and provide for mis- 


| combine to make it an_ estaplished alignment and end float. 
standard in its held. 

New material nas been added to Thomas Couplings have a wide 
this edition on: Newtons metnod ot | range of speeds, horsepower 
approximating the solution otf a and shaft sizes: 


FRI 
| JOHN D. CONSTANCE, 625 Hudson WE CTION 
Terrae, Cliff side Park, N. f: $1.50. c AR and 
This is a compilation of past examin- ROSS-PULL 


| Mechanical Engineering, Mass. Inst. 


| of 


numerical equation, approximate in- | 
tegration ; diurerential equations; cylin- | 
drical and spherical space coordinates ; | 
and equations and graphs of the morc 
common surfaces in rectangular CO- 
ordinates. 


Y2 to 40,000 HP 
1 to 30,000 RPM 


Specialists on Couplings 
for more than 30 years 





Past Examinations for 
Professional Engineers, 
New York State 













BACKLASH 





ations of the University of the State 
of New York covering the period Jan 
uary, 1943 through February, 1952. 
All requests should be mailed to the | 
author at the address given above. 


=a eliminated 
Lubrication is 


PATENTED nof required) 


FLEXIBLE 


Advanced 
Strength of Materials 


J. P. Den Hartoc, Professor of 
of Tech. 379 pp, 64x94 in. Pub- 
lished by the McGraw-Hill Book Co., 
330 W. 42nd St., New York 36, N. Y. 
$8.50. 


A new text by a leader in the field 





|of applied mechanics, this volume is | 


specifically designed to bridge the gap | 
between books devoted to strength of 
materials and those dealing with theory 
elasticity. It assumes a level of | 
knowledge of elementary strength of 
materials as attained after the cus- 
tomary one term course in engineering 
colleges and the ability to use the cal- | 
culus and differential equations. | 

The first part of the book, which 
covers torsion, stresses in uniform and 
non-uniform rotating disks, membrane 
stresses in shells, and beams on elastic 
foundations, was developed for senior 


THE THOMAS PRINCIPLE GUARANTEES 
PERFECT BALANCE UNDER ALL 
CONDITIONS OF MISALIGNMENT, 


NO MAINTENANCE PROBLEMS, 


SOLIDLY BOLTED TOGETHER, 


Write for the latest reprint : 
of our Engineering Cotalog. 


THOMAS FLEXIBLE 


COUPLING CO. 


WARREN, PENNSYLVANIA 
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LUBRIPLATE LUBRICANTS 


EXCEL IN REDUCING FRICTION, WEAR, UPKEEP-COSTS AND 
POWER-CONSUMPTION...WITH BETTER MACHINE PERFORMANCE 


PACKAGE MACHINERY COMPANY “THIS LUBRICANT 


Pra 


Í 
H 
| 


of Springfield, Mass., says: 


“WE RECOMMEND 
THIS LUBRICANT | 


TO OUR CUSTOMERS 


“We have found LUBRIPLATE Lubri- 
cants to be very effective and use them 
extensively in our machines. To assure 
the proper use of LUBRIPLATE Lubri- 
cants for re-lubrication, we place tags 
on our machines before shipment. Thus 
the purchasers of those machines know 
the LUBRIPLATE Product we recom- 
mend for each application and where to 
obtain it.” 


The BROWN COMPANY, Quality 
Paper Makers of Berlin, New 


Hampshire, says: 


“THIS LUBRICANT 


SAVED US 
$2,098.16 IN 


SEVEN MONTHS 


“During the seven month period before 
using LUBRIPLATE No. 130AA in the 
bearings of our Kraft Mill Lime Kiln, 
we used a conventional oil of the density 
recommended. The cost of the lubricant 
for the period was $2,134.00. In the 
seven months that followed, we only 
used 128 lbs. of LUBRIPLATE No. 
130AA for initial filling and replace- 
ment at a cost of $35.84. LUBRI- 
PLATE No. 130AA only requires weekly 
> application whereas the former 
lubricant required daily 

application.” 


SAVES GEARS 
AND 
TRANSMISSIONS 


-says AUTOMATIC WASHER 
COMPANY, Newton, lowa 


m.~ 
«We have used Fa 
LUBRIPLATE | & 
in our washing ‘ee 
machine trans- 
missions since ' 
1933. Our lab- 
oratory tests as 
well as field 
experience in- 
dicate that 
through the use of LUBRIPLATE, we 
reduced the wear on the gears and pro- 
longed the life of the transmission. The 
transmission is the heart of any washing 
machine and the long life and trouble- 
free performance obtained by the use 
of LUBRIPLATE in the Automatic 
Washer transmission has been an im- 
portant factor in the success of our 
product.” 


F. Breckenridge 
Executive Vice-President 


REGARDLESS OF TYPE AND SIZE OF YOUR 
MACHINERY LUBRIPLATE LUBRICANTS 
IMPROVE OPERATION AND GREATLY REDUCE 
MAINTENANCE COSTS. 


Write today for LUBRIPLATE Data Book No. 1-52 


LUBRIPLATE DIVISION 
Fiske Brothers Refining Co. 


Newark 5, N. J. 


Toledo 5, Ohio 
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Photo courtesy Package Machinery Co 


ACME is a comparatively new 
name in chain drive power 
transmission. Yet, in the brief 
span of time since this com- 
pany was founded, ACME 
chains have been introduced 
around the world. 

ACME roller chains are de- 
signed and engineered to perform each specific job with maximum 
efficiency and economy. Sprocket ratio, chain impact, tension, drive 
speed and other factors are determined, not on the drawing board 
alone, but in the field where ACME engineers observe and test 
chains at work while new equipment is being designed. In that 
way, ACME chains are made to meet every test for economy and 
dependability under all loads at all times. 

Your inquiry requesting information or ACME Engineering 
Assistance is welcomed. Write — or telephone. 


MASSACHUSETTS 


SEE EE NE EE A a ae a a a 
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PERS. Ca beans oes continue 


engineering students. The second par: 
which includes two-dimensional theor 
of elasticity, energy theorems, buck 
ling, and miscellaneous topics such a 
Mohr’s circle for three dimensiona 
stress problems was given as a grad 
uate course. 

Following the presentation is 
selected group of 217 problems t 
illustrate the principles discussed anc 
their principal application to engi 
neering matters. Answers to all prob 
lems have been included for the read 
ers information. 


The Copyright Law 


HERBERT A. Howr ct, A.B.,LL.B. 
formerly Assistant Register of Copy 
rights, Third Edition. 6x9 in., 37( 
pp., Published by The Bureau of Na 
tional Affairs. Inc.. Washington, D. C. 
$7.35. 

Made un from a series of lectures 
on copyright delivered by the author 
to graduate law students, it consists of 
many of the problems that come up ir 
actual practice. The court decisions 
referred to have been picked from 
those məd- since 1909 when the pres- 
ent copyright act went into effect. 

The subject matter of conyrightable 
material is classified, and discussed at 
great lengths. Other topics are: com 
mercial prints and labels: non-copv 
rightable material; who may secur 
statutory copyright: statutory requi- 
sites, form and position of the copv- 
right notice; deposit of copies and rer- 
istration of works first published: ad 
interim copvright; statutory requisites 
for copvright in unpublished works: 
renewal of copyright: rights secured 
by copyright, and infringement there- 
of: remedies for infringement: mis- 
cellaneous provisions of copyright act: 
taxation of convrichts; state copyright 
laws: international copyright rela- 
tions; and copyrieht in territorial pos- 
sessions of the United States. 


Lead In Modern Industry 


230 pp, 6x9 in. Published by the 
Lead Industries Association, 420 Lex- 
ington Ave., New York 17, N. Y. 
$1.50. 


The subject matter of this book is 
devoted exclusively to the manufac- 
ture, applications and properties of 
lead, its alloys and compounds. It was 
written to provide the public in gen- 
eral with a broad picture of the whole 
lead industry and, at the same time, 
serve as a handy reference source for 
those who are already using lead and 
its products. It is sillciently technical 
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phenolic molding by SHAW... 
customer satisfaction everytime! 


Shaw’s consistent record of outstanding phenolic products is the result of 60 years 
of experience in plastic custom molding. During that time we've learned the impor- 
tance of combining know-how plus facilities — to produce customer satisfaction. 
= The phenolic components pictured above illustrate this Shaw approach — which 
TAAN STA af insures successful results right from the start. 















\ Shaw’s know-how means responsible engineering with management executives fol- 
\ -lowing your job — from start to finish (and shipping on schedule!) Shaw’s facilities 

mean complete molding service with modern equipment for every important molding 
process. So remember, no matter what your product or the volume required, when 
you think of plastic molding — it’s good business to consult Shaw. 












Send for Shaw’s new Plastic Properties and Uses indicator disc — it’s FREE! 





160 COIT STREET, IRVINGTON 11, NEW JERSEY 


Transfer + Compression + Injection 
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...the way BLISS 


does it with a 


BIJUR SYSTEM 


Above cross-section thru gibs of 
Bliss Inclinable Press No. 21B at 
point of lubrication, with slide 
lowered below actuol position 


to show detoils 


w zl 






LUBRICATE A 


VERTICAL V SLIDE 


The problem here was to keep a film of oil between the 


gib and slide contact surfaces. It is solved by drilling 


ARCS] 


EG en 
to each 

TEETE 
bearing... 


ead 


Biyur 


LUBRICATING CORPORATION 
Rochelle Park . 


thru the gibs to grooves . . . controlling the oil flow thru 
meter-units at the gibs . . . supplying a measured volume 
of oil from an automatic lubricator which force-feeds oil 
to the seven press bearings. This is another example 
of Bijur “team-work for bearing protection.” For aid 


in solving your lubrication problems, call in a Bijur 





New Jersey 


Propuct! 


NEW BOOKS (continue 
to be of practical value to the en 
neer in industry and yet broad enou; 
for those with a more casual intere 

The book is divided into twent 
eight chapters beginning with the h 
tory of lead, its production from mir 
to refined metal, and a detailed d 
scription of the various techniques fi 
fabricating the metal into useful for: 
Separate chapters are devoted to tl 
more important uses for lead inclu 
ing storage batteries, cable sheathin; 
chemical construction, plumbing, arch 
tecture, radiation protection, coating: 
solders, bearing metals, ammunitior 
and So on through a host of othe: 
applications. The corrosion resistanc 
of lead and its alloys and methods ot 
using them for chemical constructior 
are fully detailed along with th 
techniques for joining lead by solder 
ing or welding. Some of the mor 
complex operations are illustrated 
with both drawings and photographs 

The rest of the book is devoted to 
the manufacture, applications and 
properties of industrial lead com 
pounds including white lead, litharge 
red lead, tetraethyl lead and others 
White lead paints and metal protective 
paints are covered in detail with actual 
fornvilations given for a variety of 
specific applications 

Included also are the latest specifica 
tions for lead, lead alloys and lead 
nroducts as well as the properties of 
lead and lead alloys and the physical 
constants of organic and inorganic 
lead compounds. 


Metallurgy For Engineers 


JoHN Wutrr, Howarp F. TAYLOR 
and AMOS J. SHALER, Dept. of Metal- 
lurgy, Massachusetts Institute of Tech- 
nology. 624 pages, 6x9 in. Published 
by John Wiley & Sons, Inc., 440 
Fourth Ave., New York 16, N. Y 
$6.75. 


To quote the authors: Metallurgy 
for Engineers is written to help the 
reader acquire “an adequate under- 
standing of metals so that he may in- 
telligently select and use them.” The 
first half of the book explains the 
concepts and principles that underlie 
metal processing from ingots to fin- 
ished articles of commerce. The sec- 
ond half deals with the processes them- 
selves. Throughout, the authors write 
from the engineering viewpoint. 

A real attempt has been made to 
keep the language plain, the illustra- 
tions simple, and the ideas lucid. Only 
those principles are included that are 
required for understanding the proc- 
cssing of metals into useful articles by 
casting, welding, or working. 
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WHEN zinc 1S BEST SUITED 


THE JOB 
wat USE SUBSTITUTES? 
i itution 
sy 
for 
‘More F e : 
pompa e issued by the LS a 
Zine Institute, Inc. 


the new 

About Zin 
rican 

i G00D SUPPLY y AND 18 ewe 

WITH FULL CONFIDENCE oa et 

oe WILL BE AVAILABLE WHE 

ME 


NO REASONABLE SUBSTITUTE 
FOR ZINC DIE CASTINGS 


These ZINC Die Castings are the principal assembly 
components of the new four-jet automobile carbure- 
tor pictured below. By no other means of manufac- 
ture can such amazingly complex parts be produced 
at anything approaching comparable cost. After 


This four-jet carburetor is really two carburetors in one. 
The primary unit alone is in use until unusual accelera- 
tion is called for (as when passing a moving car), then 
the second unit comes into play. 


simple trimming operations, only the tapping of 
cored holes and the drilling of additional holes at 
odd angles are required to prepare these parts for 
assembly. Die casting is, truly, the shortest distance 
between raw material and finished part. 


While .a carburetor bowl may be an extreme 
example of castability, it is an established fact that 
the physical and economic advantages of ZINC Die 
Castings are such that other materials and manu- 
facturing methods seldom can be substituted. With 
ample supplies of Special High Grade zinc assured, 
and with die casting equipment readily available, 
product engineers should continue to take advantage 
of the economies of ZINC Die Castings. 


If you are not now using ZINC Die Castings in 
your products, you may be overlooking a practical 
means of materially lowering your costs. Consult 
with any commercial die caster—or write to us. Ask 
for a copy of “Designing for Die Casting.” 


The New Jersey Zinc Company, 160 Front St., New York 38, N. Y. FOR DIE CASTING ALLOYS 


The Research was done, the Alloys were developed, and most Die Castings are based on 


HORSE HEAD SPECIAL (vitm civ) ZINC 
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RCA Develops High 
| Frequency Transistors 


One serious limitation on the use of 
semi-conductor transistors has been re- 
moved with the announcement by 
Radio Corporation of America that 
they have Icvdeotl a high frequency 
point contact transistor. This latest 


| discovery opens up new applications 


for the germanium units that threaten 
to replace vacuum tubes (PRODUCT 
ENGINEERING, April 1952, p. 208). 

Prior to this development, point 
contact transistors that consist of a 
tiny crystal of germanium and fine 
contact wires, were limited in opera- 
tion to oscillations in the neighbor- 
hood of 50 megacycles per second, and 
applications were limited to these fre- 
quencies. RCA’s new transistors were 


| made to oscillate at frequencies well 


up in the 100-to-200 megacycle band, 
so that new uses in ultra-high fre- 


| quency television. FM radio, and 


point-to-point radio communications 
are now possible. 

Studies have indicated that the spac- 
ing between contacts of the transistor 


| is the most important consideration in 


developing units for high frequency 
work. Tests have indicated that the 
closer the spacing, the higher the fre- 
quency at which the transistor will 
oscillate. 

Further tests have indicated that the 
resistivity of the germanium crystal is 


also a factor in establishing frequency 


response and stability. By using dif- 
ferent combinations of spacing and 
resistivity, RCA transistor engineers 
were able to develop a complete range 
of high frequency units that oscillated 


| with good stability up to 225 mega- 


cycles per second. 


New Film for Ultra-High 


Speed Photography 


| WITH A TOTAL "RED SPEED” faster 


Propuct ENcINEFRING 


than any other material on the mar- 
ket, a new infrared-sensitive motion 
picture film developed by the Eastman 
Kodak Co. permits the taking of mo 
tion pictures in the dark with infrared 
illumination, or in the semi-dark with- 
out. While they originally developed 
the film for spectographic work, Kodak 
now recommends it for ultra-high 
speed photography as well. since it 
does not require additional lighting 
because of its sensitivity to the infra- 
red range of the spectrum. 

To test the speed of the film, Uni- 
versity of Rochester scientists made 
successful motion pictures of an audi- 
ence in a theatre when the house lights 
were dimmed to 1/70th of normal 
room illumination 


Since Kodak will not 1 -ocess this 
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Preparing samples of vacuum melted 
metals for analysis 


HIGH PURITY METALS 
HIGH VACUUM CASTING 
SPECIAL ALLOYS 

GF (Gos Free) METALS 
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PRODUCTION on vacuum melted metals that was formerly measured 
in pounds can now be measured in tons. Vacuum Metals’ new expanded 


facilities are capable of producing 5 tons per day of Gas Free High Purity 
metals and alloys. 


Vacuum melting techniques provide metals of higher purity and 


alloys held to closer composition tolerances than ever before achieved 
commercially. 


The unusual physical, chemical and electrical properties of these metals 
have proved of particular value for applications such as electronic and 
electrical parts, magnetic materials, bearing materials, diaphragms, instru- 
ment components, and Atomic Energy projects 


Metals now being vacuum melted include copper, nickel, iron, and 
molybdenum. Further information will be furnished gladly on request 


VACUUM METALS CORPORATION 
Subsidiary of National Research Corporation 
70 MEMORIAL DRIVE, CAMBRIDGE 42, MASSACHUSETTS 
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AMERICA’S STANDARD 


you'll get better results 


with ARKWRIGHT. 


First, the drawing and second, the reproduction 
will be cleaner, clearer, sharper when you 


use Arkwright Tracing Cloths. 


In the drawing you'll work more smoothly, 


easily—without pinholes, uneven yarns or 


other imperfections to slow you. You'll] get 


clean, “‘feather-free”’ lines even over 
an erasure. 


In the reproduction you'll always have clear, 
“contrasty” results because Arkwright Cloth 
is permanently transparent—won't discolor 


or turn brittle and opaque with age like 
inferior products. 


Are you interested in results like these? 
Specify Arkwright Tracing Cloths. Write 
for samples to Arkwright Finishing Co., 
Industrial Trust Bldg., Providence, R. I. 
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film, the company recommends tha 
users develop pictures for from 4 
min in Kodak developer D-10. Thi 
produces a photographic negative tha 
must be printed on another piece o 
film to produce a positive print fo 
projection purposes. 

Called Kodak Spectroscopic I-N 
Film, it can be used in any standar 
16 or 35 mm motion picture camer. 
accepting roll film or magazines, an 
is supplied in 100 ft lengths. But ii 
will not be made available in 35 mn 
cassette loadings for still cameras. 


Engineers to Meet 
At Chicago’s Centennial 
Of Engineering 


OVER 30,000 CIVILIAN ENGINEERS 
from the United States, Canada, and 
Europe will meet in Chicago this 
month for a conclave celebrating thc 
100th anniversary of the founding of 
the first national engineering society in 
the United States, the American So 
ciety of Civil Engineers. Over 51 
American engineering organizations 
and nine foreign societies will par 
ticipate in the meeting which will 
start on September 3rd and run until 
the 13th. 

Many of these groups plan technical 
meetings of their own in this period 
The anniversary program consists of 
12 sections, all tied to the Centennial 
theme, “Human Well-being Through 
Engineered Progress.” 

In addition to the meeting program, 
there will be an engineering exhibit 
and a dramatic stage presentation illus- 
trating engineering progress through 
the past 100 years. 


Active Rudder Turns Ship 
On Its Own Axis 


HAMBURG — Pleuger & Company. 
Hamburg-Wandsbek, have revealed 
details of their newly developed “Ac- 
tive Rudder” (PRopucr ENGINEER- 
ING, May 1952) that can actively steer 
and turn a ship while in a “rest” 
position. When the rudder is turned 
by more than 60 deg, the ship turns 
on its Own axis. 

Key to this maneuver (which has 
been envisioned by sea-faring men for 
hundreds of years) is a reversible 
screw placed on the rudder. A poly- 
phase waterproof commutator motor 
drives this screw and is housed in a 
streamlined gondola that is part of the 
rudder shaft. 

In actual tests on a ship, the new 
rudder has demonstrated a marked im- 
provement in maneuverability. On 
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Machine with a 


POWERHOUSE 
aed 


In one mighty blow, this giant 850-ton, double-action, 
deep-drawing Verson Allsteel press forms an intricate 
automobile part. 


Multiply this by seven strokes a minute, 3 shifts a 
day, seven days a week and you have a rugged oper- 
ating schedule ... one which the Howell motors that 
power this fine press take right in stride. 


Howell engineers worked closely with this manu- 
facturer to select the right motor for each job. The 
main drive motor is a Howell 50 H.P. high slip, high 
torque motor designed specially for punch press work. 
The self-adjusting blankholder is driven by a hydrau- 
lic pump, powered by a 50 H.P. Howell motor. A 20 
H.P. Howell motor operates another hydraulic drive. 


Howell will devote the same care and attention to 
your electric motor problems and needs. With this 
cooperation and Howell quality, you're assured of 
motors that will stand up under the heaviest produc- 
tion load over long periods without interruption. 


May we help you? 


HOWELL ELECTRIC MOTORS COMPANY 
Howell, Michigan 


Howell Type F Motor. A high slip, 


high torque motor designed for punch- 
ing and s earing operations. Sizes 14 to HOWELL ELECTRIC MOTORS CO., HOWELL, MICH. 


l MOTORS 
.1 25 H.P 
H.P. in open frames; 1% to 125 H.P. Precision-built industrial motors since 1915 
in enclosed frames. 
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Se ULL 
use it! 


EVERY GLASS 
OF WATER 


@ The little water meter in your cellar puts hard 
rubber to the most exacting test a material can get. The 
disc piston, for example: It spends 10 — even 20 — years 
under water, and oscillates through a dozen cycles for 
every glass of water. Machined as precise as 0.0005”, it 
must neither warp, swell, nor wear, or the meter’s accuracy 
would be lost. 

Some discs are blanked from Ace Hard Rubber sheet; 
others start as moldings with metal cores. Moisture absorp- 
tion is as low as 0.04%, tensile strength as high as 10,000 
psi. Special high-temperature compounds safely handle 
hot water. 
~ There are Ace Hard Rubber compounds that are ideal. ~ 
for many of your mechanical and electrical parts too. 
Always sonido Ace Handbook when selecting ma- 


terials — rubber or plastics — for today’s production and 
tomorrow’s plans. 


= 


80-page Ace Handbook 
Free to Design Engineers 


Pom 





Meter bearings 


HINTS FOR cut from tubes 
Disc molded 
PRODUCTION-MINDED over metal core 


ENGINEERS O- Bearing plate 


punched from sheet 
Meter turbine wheel, 
93 WORTH STREET + MEW YORK 13, N. V. 


molded and machined 
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REVERSIBLE SCREW built into ship's 
rudder is the key to the operation of Pleu 
ger and Company's “Active Rudder.” The 
streamlined gondola contains a motor to 
drive the screw. 


cous ntional ships, the rudder must 
be moved by 20 to 30 deg to hold 
course in heavy seas; the active rudder 
requires Only a two degree movement 
to k2ep the ship on course. This fac 
tor has considerable economic impor 
‘ance since it reduces loss of forward 
rotion in high seas. 

The rudder has also been tested in 
maneuvers where a ship has to bc 
‘backed up’; under such conditions 
speed and ease of moving the shi 
astern have been greatly increased. 


Vapor Quick-Dries 
Paints Chemically 


SCIENTISTS AT THE ARMOUR Ri 
SEARCH FOUNDATION of the Illinois 
Institute of Technology have devel 
oped a new process called “chem-dry”’ 
that dries paints, inks and varnishes 
in seconds by vapor instead of by 
heat. 

In the new technique, coated mat 
rials are transported through an at 
mosphere of sulphur dichloride in an 
enclosed drying chamber. The vapor 
rcacts with pigment oils and dries th 
coating within 20 seconds. 

According to the researchers, the 
drying period ranges from two to 20 
seconds, depending on the type of 
paint, ink or varnish used and the 
material it covers (which may be 
paper, cloth, metal, wood, glass or 
plastic). 

After treatment in the chamber. 
coated materials are dust and tack 
free. They can be handled, stacked, 
packaged or given a second coat. The 
new process, which does not damage 


| paper or many other coated materials 


if properly purged, speeds up produc- 
tion and releases plant space. 
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For further information on Fawick Industrial 
Clutch and Brake Units, write to the Main 
Office, Cleveland, Qhio, for Bulletin ML-22. 


The FAWICK AIRFLEX COMPANY, Inc. È 
9919 CLINTON ROAD © CLEVELAND 11, OHIO INDUSTRIAL CLÖTCHES AND BRAKES 
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Leading Processor’s Tests Prove 


Nicholson control valves were re- 


NICHOLSON VALVES 
>IMPROVE WITH USE 


records which show Nicholson 


cently adopted as standard by a valves actually become tighter 


well-known rubber company, af- 
ter years of trying practically all 
makes. Their capacity for longer 


with use. 


This is because their 
non-corrosive flat discs tend to 
lap themselves on the seats. For 


leak-free service is confirmed by all mediums and types of opera- 


many installation tion. 


Send for 
CATALOG 
552 


Lever models 
(left); 4 styles; 
%" to 244"; 
press. to 5000 
Ibs 


. . » fabricated to 
your specifications 


There's no substitute for “accuracy” in the fab- 
rication of Plate and Sheet Metal Products, nor 
is there a substitute for “experience” in the shear- 
ing, forming and welding of metals. With Little- 
ford you can be assured of both accuracy and ex- 
perience, 70 years of it, in the producing of 
quality weldments for all industries. Littleford 
fabricated Weldments have all the inherent 
strength and toughness to withstand shock, strain, 
vibration and severe service. Littleford complete 
fabricating facilities are at your service. Send 
blueprints for estimates; prove to yourself “know 
how” means lower cost units 


LITTLEFORD BROS., INC. 
436 E. Pearl St., Cincinñati 2, Ohio 


Solenoid (left), 3 styles; 
foot, 2 styles; also mo- 
tor models. 14” to 212”; 
press. to 375 Ibs. 


High Vacuum Techniques 
Improve Adhesion of 
Evaporated Coatings 


FT. BELVOIR, V A.—Studies made a 
the Army Engineer Research and Dc 
velopment Labs have led to new ap 
plications for coatings deposited i: 
high vacua, according to Noel Scott 
ERDL physicist. The techniques ar 
being used in experimental investiga 
tion of the mechanisms of adhesion oi 
evaporated coatings, and of glass-to 
metal seals. 

Some metals are difficult to electro 
plate or solder because natural hard 
tenacious oxide coatings hamper the 
formation of metallic bonds. And 
when these coatings are removed new 
oxides are immediately formed. Hence, 
it is desirable to use these oxides for 
securing adhesion to thcir parent 
metals. Excellent adhesion to these 
oxides can be obtained by high vacuum 
evaporation techniques. Evaporated 
films of metals that form hard adherent 
oxide coatings can be used to adhere 
tenaciously to their own and other 
oxides, including glass. 

In order to coat oxide-protected 
metals with a metal that normally 
shows poor adhesion, the vapors of 
the two metals are caused to condense 
simultaneously in such a manner as 
to produce a transition from the former 
to the latter. Thus, to coat titanium 
with copper, titanium is evaporated 
until the first sign of deposition ap- 
pears on the titanium surface. While 
the titanium is still being evaporated, 
the evaporation to copper is begun. At 
the first sign of copper decomposition. 
the titanium source is turned off and 
the evaporation of copper is continued 
until no titanium shows. 

Transition layers for increasing ad- 
hesion can be readily applied in a 
continuous coat. 


U. S. Navy BUREAU OF SHIPS is 
working to simplify electronic equip- 
ment used on naval ships. As a re- 
sult, the Bureau is soliciting proposals 
from civilian contractors for electronic 
equipment that will be easy to main- 
tain and simple in operation. Such 
proposals are desired at anytime dur- 
ing the performance of existing con- 
tracts and will be evaluated on a “‘not- 
to-delay production” basis. However, 
changes should not be made unless 
authorized by formal contract. Pro- 
posals should set forth any existing 
specification requirements that cannot 
be fully met and recommend specifica- 
tion changes that will accomplish the 
proposed simplification. Simplifica- 
tion proposals should be sent to the 
Bureau of Ships, Code 810, Washing 
ton 25, D. C. 
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